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PREFACE 


The  object  of  the  present  work  is  not  ao  much  to  ioatract 
us  to  sug^t.  It  tepreseuta  a  sort  of  recouuamince>  and 
embodies  the  informBtian  collected  by  scouts  and  sldrmiahera 
regarding  practicable  liaca  of  advance  and  accceaible  points  of 
attack,  with  a  view  tro  aniiexing  for  the  reftlm  of  knowledge 
vome  fiiitber  strips  and  comers  TruuL  the  territory  of  igunmnce. 
lU  itiepiring  motive,  m  ehort,  is  the  desire  for  a.  i-oetification 
of  tbe  frontier  in  the  interests  of  science.  Material  resources 
for  the  fiirthenince  of  hucL  encrwichnieiitfl  are  not  lacking. 
The  globe  is  studded  with  observatories,  variousl)'  and  ttdmir- 
ablf  eqoippad-  Yet  itmtmiemble  objects  ia  the  sidereal 
heaTens  renuun  neglected,  mainly  through  inadvertence  to 
the  crtraordinary  interest  of  the  questions  pending  with 
teepect  to  tbem-  In  the  following  pagee  it  haa  been  sought 
to  indicate  some  of  these  iiidividimlly,  atid  in  their  rektiona 
lo  the  larger  meanings  of  cosmical  reseflreb.  But  thia  could 
be  done  effectaaliy  only  from  the  vantage-ground  of  our  actual 
ocquiremeuts ;  hence  tbe  look,  although  primarily  designed  to 
stimokte  tbe  progress  of  aatropbyeics.  necessarily  includes  on 
account  of  its  present  state.  Before  atteiii^tiiig  lo  add  to  our 
Store  of  learning,  we  muat  realise  what  is  already  piwHaaaed 

The  unknown,  it  is  true,  is  indefinitely  vast,  and  the  rays 
of  light  which  we  can  project  into  ita  darkness  penetrate  but 
a  short  way.  Our  programme  of  inquiry  must  accordingly  be 
timited  to  whut  is  now   practicable,  or  pi-omises  to  become 
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BO  in  the  immediate  future.  The  unforeaeen,  too,  will  have 
something,  perhape  much,  to  do  with  prescribing  direetione 
for  freah  reaearchee.  Queries,  in  the  coming  years,  will  be 
put  to  the  ekiea  very  different  from  those  here  propounded  i 
and  answers  of  a  Burprieing  Jdnd  will  dowbtleas  be  aflbrded 
to  our  present  interrognlory.  The  keen  delight  of  such 
revelations  will  reward  those  who,  loving  truth  for  its  own 
Bake,  have  laboured  for  its  piomot^on ;  and  if  these  pages 
should,  ill  any  degree,  help  to  quicken  and  guide  their  ncble 
enthusiftsm,  they  wiU  have  amply  served  their  purpooe. 

They  do  not,  howeverj  covet  the  whole  field  of  oBtrophysicBn 
Planetary  and  cometaiy  astronomy  are  deliberately,  although 
for  different  reoeooa,  excluded  from  treatment  in  them.  The 
moon  ftud  planets  still  belong  t<j  llie  theoretical  and  descriptive 
depattmenta  of  the  elder  celestial  science.  Nearly  all  that  is 
known  about  their  condition  has  been  learned  by  direct 
tel&acopic  obaervtition.  The  items  of  information  added 
throogh  the  aid  of  the  camera  and  the  apectroecope,  though 
valuable,  are  very  few.  The  orbital  characteriatica,  on  the 
other  hand,  of  cometa  and  meteors  are  too  promijieDt  to  be 
Bet  aeide  in  any  profitable  discussion  of  their  nature.  They 
are  of  the  very  essence  of  the  phenomena  ;  yet  they  would  be 
out  of  place  in  a  book  strictly  limited  to  the  conaideration  of 
the  heavenly  bodies  under  their  physical  aspect. 

The  writer  haa  reiieived  much  courteous  belp  from  various 
quarters  in  preparing  the  illuBtrations,  and  deairea  in  par- 
ticular to  acknowledge  her  obUgationa  to  Sir  William  aad 
Lady  Huggina,  to  Sir  David  Gill,  to  Dr.  Roberts,  P.B.a, 
to  the  Kev.  W.  Sidgreaves,  SJ„  Mr-  W.  E.  Wilflou,  F.RS., 
M.  DefilaudreH,  Professor  Hale,  Professor  Barnard,  to  Pro- 
fessors K.  C.  and  W.  H.  Pickering,  and  to  Professor  Campbell. 


LosnOH,  DeamliT  160!. 
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Tut  aalToaomj  of  the  ancients  was  purel/  form^.  It,  did  act 
pvoHeaa  to  look  beyond  uppoaraucce.  Ita  uiin  woa  rcac'Led, 
provided  that  phenomena  wero— in  Lho  old  Ureak  phrase — 
mathematically  "saved,"  Hi  whatever  coat  of  materiiil  tmposHi- 
bility.  K^'pl^^r  first  speculated  on  the  causes  of  celestial 
moveiuenta,  uud  introduced  the  term  "phjyi<^U  iistronumj*' 
with  &  full  sense  of  wbnt  it  implied.  Ita  establkliment  as  ftn 
affective  branch  of  knowledge  vms  a.  priutt?  dcsideratuiu 
with  FrflDcifi  Bacon-  While  rujeuting  rbc  Copemii^m  KjEtt^m 
and  ignoring  Kepler's  laws,  he  aspired  towards  a  science  of 
the  skiefl  that  8hi>uld  tie  no  simiilac^niinr  like  the  "stnlTed  ox  of 
ProsnoLheus/^  hut  should  have  in  it  the  bivJith  of  Uffi  and  the 
instinct  of  pn^reea.^  Anticipating  with  imaginative  insight 
tbe  pTOaacution  of  rcsearthoa  whioh  Comtc,  two  centuries 
Uter,  declared  to  be,  in  tlie  nature  of  things,  futilo,  he  broadly 
Utd  down  the  liuee  of  a  new  astronomy,  indifitinguiBhable  from 
moderu  aatro physics.  As  the  proviuce  of  this  "philosophy" 
of  the  heuveoly  botlies,  he  aissigned  iuquii-its  into  the 
DAtare  of  theii  substance,  of  their  qitalities,  properties,  and 
mfliienGes,  os  well  ae  into  the  source  of  the  motive  power  act- 
ing upOD  them.  Vit^Uaod,  ad  it  were,  by  contact  with  nicther- 
eartb,  it  was  deatioed  in  his  prevision  to  a  community  of 
■dvance  with  terrestrial  science,  one  iiupurting  to  the  other 
uovel    truths    tending    to     mutual    proJit    find    Bimultaueuus 

'  Ttm]*T,   hitvA.^'M.oa  1o  Nitvuvt  Oryantatt,  p.  S6  i  Ikaeriptio  Otahi  ttUtl- 
Uamdi*,  ehft{H>  r.  Til- ;  De  AtHftMn£a.  ju.  i. 
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dBTelopmeTtt     Thus  the  loug-divorced  aiihluiiary  zioJ  tnuifr* 

luiiujy  worlds  were  conjoined,  and  their  matGrial  unity — the 
eaeantitti  principle  of  aatroph jaics — waa  definitively  proclaimed 
Thia  daring  forecoat  transcGiided  the  Gcope  oven  of  Newton'fi 
discovery^  iind  left  Kepler's  prescience  far  behind.  For  Kepier^ 
AS  an  astronomer  m  ^yroft^sso,  took  lull  ar^count  of  Mpparenl 
impDSMbilities,  while  Bhuou's  was  "  the  ^lilea  gueBs  '* — 

ThAt*B  morning  Htax  to  tbe  ful]  round  of  trutTi. 

Yet  it  might  have  been  derided  aa  that  of  an  uninformed 
amateur.      It  rose  uideed  out  of  si^'ht  of  ordinary  minds. 

The  QfltabJiahment  of  the  law  of  gravity  was  the  first  step 
towards  its  realisation.  Thereby  the  terrestrial  regimen  vaa, 
in  part,  extended  to  tb*',  ekies.  The  irioon  asHUined  tlie  asjioct 
of  a  projectile  in  perpetual  flight,  tangentially  launched  ah 
initio,  tko^  hent^e  keeping  its  distunoe  from  the  earth,  while 
the  planets,  including  our  own  globe,  proveil  to  be  eimikrly 
relatoil  to  the  wiu.  Thus  celestial  movements  lose  the 
mystical  character  long  igoorantly  attributed  to  them,  and 
ware  found  Uj  own  a  iiomtiion  wtuse  with  movements  at  the 
Bur&ice  of  the  earth.  Thej  became  prodiotable,  fijnce  the  cause 
acts  uniformly  and  aimply;  theoretical  astronomy,  with 
practical  aatronomy  at  hand  to  provide  its  raw  materials  and 
teat  its  results,  took  rank  as  the  moat  perfect  of  the  sciences ; 
the  idea  of  a  definable  force  put  to  the  rout  the  old  vague 
notions  of  "ttudenciea"  "  appetitsa/'  '*  pasBioiifl,"  or  "  potencieB/" 
and  a  dynamical  vas  subatituted  for  a  merely  kinematical 
system. 

Gravity,  however,  is  a  force  of  tfio  utmost  generality  in 
the  way  it  ail'ects  matter-  It  takes  no  notice  of  distinctions 
of  kind  or  quidity.  The  substances  acted  upon  may  be  hot  or 
cold,  dense  or  rare,  eleiuentary  or  i20Ekpound ;  they  Liay  be  of 
any  imaginable  chemical  or  mineralogical  conntitution ;  tbey 
may  ba  in  any  slate  of  aggregation;  they  may  be  organic  or 
inorganic;  no  diBcrcuce  is  perceptible;  gravity  ie  concerned 
solely  with  mass,  and  is  meaaured  strictly  by  movement ;  and 
from  gravitational  inquiries,  accordingly,  mass  and  movement 
can  alona  be  learned.  So  far,  then,  only  one  principle  of 
umfication  wa3  iutiodoced.  One  fundamental  propertry  of 
matter  waa  known  from  1€87  to  belong  equally  to  the  earth 
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■&d  ptaoets;  «nd  Hersclial's  discovery  in  1802  of  mutimUy 
iv?o1viiig  Btare  virtuaJIj  icnde  the  "  writ  to  run  "  throughout 
the  aJdfiival  worhl  jts  well.  Tlie  uiiiversaJity  of  iin  apjiarenl 
iitAa»^ttractLon  was  a  j^rejit  foot,  but  seemed  deetined  to  remain 
tBoUtcd;  for  Olbors'a  "elcetric«Hl  theoiy"  of  comets  amounted 
lo  no  Mioro  than  n  aojigealivt'  ejiecidatioii.  Then  in  1852  the 
tn|>le  identification  hy  Sabinu,  Wolf,  and  Giiutiar  of  tha  auu- 
■pot  and  terreetrial  lOHgnetic  pt^rioilH  showed  the  reality  of 
fiuLtr  inflntiiicefi  eierciaed  in  a  nmnuer  not  ea^y  to  aiipn-hond, 
but  Ctf|jalile  of  being  brought  to  the  test  of  exporimectal  inves- 
Qgatioa  CD0mical  phyaics  began  to  aeparato  oub  and  bake 
r«oogTtisable  ahajw?.  The  spring  of  its  moeb  rapid  growth, 
boirever,  lay  in  another  direction. 

The  discovery  (in  ProfesHor  Keeler'a  words 'J  "that  the 
light  which  reveals  to  iua  ttte  eitiAteucB  of  the  henvetily  Ixjdjes 
also  bears  the  secret  of  their  constitution  and  pbyaiL^l  con- 
dition" afibrded  a  solid  basis  for  a  Bcicncs  of  far-reaching 
imporL  ■*  The  speclroscopo  placed  new  and  hitherto  undreaml- 
of  pO'werfi  in  the  hands  of  men.  It  is  to  the  aetrophysicifit 
what  the  graiinated  circle  and  the  telescope  are  to  the 
astrunomer.''  Observations  of  tbe  heavenly  bodiett  by  tneanH 
of  their  aTud^sed  light  came  to  the  aid  of  observations  through 
their  intf^attd  light.  Thoir  radiatione,  visible  and  inviaibte, 
were  brought  within  the  range  of  detailed  study, 

or  Btudj,  not  only  visual,  bnt  photographic.  The  sensi- 
dre  plate  has  throe  Wading  prerogatives.  It  sees  where  the 
eye  is  blind;  its  imprerSiiiion!^  are  cuinulablve  to  an  indefinite 
extent;  they  are  permanent;  they  constitute  documentary 
erideDCQ  of  incontcetablc  validity,  which  can  be  p]t)dui:ed 
or  referred  to  at  pleasure.  Spectroscopic  photography,  or 
-epectrography/' dates  from  Sir  William  Huggina'e  adoption 
of  tbe  dry  gelaiioe  proc^fis  in  1 S76 ;  and  his  discovery,  three 
yWTS  later,  of  the  ultra-violet  series  of  liydrogen -lines  in  stellar 
spectra  started  it  on  its  career  amid  acclamations,  ^or  baa 
the  promise  bc*?n  belied  Tho  efBcioncy  of  the  camera  ia  of 
n  high  an  order  that  direta  visual  obeei'vations  of  prismatic 
light  ana  now  only  by  exception  made.  This  is  perhaps  un- 
(brtunBte^  since  the  two  kindii  of  raHults  are,  to  Bome  extent, 
sapplBmentaiy,  and  can  often  be  moat  usefully  compared  and 

»  AtlTBpJttf^kat  Joaraat,  vol.  ti  p.  Ba. 
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correlated.  The  supciiority  of  the  themical  method,  however, 
is  nowhere  more  conspicunus  than  iii  the  raotioo  departuieDt 
of  the  new  jLatHroiicmy.  Its  powers  in  thie  direrticu  were 
tested  with  striking  success  by  Vogel  in  1888,  and  their 
developnient,  rapid  as  ii  has  been,  doea  not  seem  to  be  near 
its  term.  The  detcrminatiou  of  radial  velocitiee  througli 
changes  in  the  refrangibility  of  light  eraanating  from  the 
bodies  actuated  by  them,  has  made  astrophj-sicists  free  of  a 
territory  which  behitigH  wjually  lo  the  doinaiii  of  truditioiiidly 
equipped  dBtronomers.  Here  we  get  back  to  elemeutary  ^cta 
of  mass  and  motion,  oaccrtaiiied,  however,  nob  fronkdly  by 
meaBures  of  position,  but  strateyiGaHif  by  ioference  from 
radiative  modification^^.  They  aro,  indeed,  of  a  nature  ud- 
afifected  by  pnfiition,  and  hence  undiscemible  with  the  micro- 
maber.  A  body  shown  Hpe^^iroswjpically  to  be  in  awift  move- 
ment might  be  absolutely  immobile  tekscopically ;  or  the 
oonditiona  might  be  invertad.  each  method  taking  cogoiaance 
of  only  one  component  of  the  total  velocity.  An  immenee 
extension  waa  accordingly  given  to  the  Md  of  reaearch  in 
sidereal  dynamics  by  the  appllcntion,  through  Sir  Williflm 
Hug^insB  iuitintive,  of  "  Doppler's  priiieiple/'  It  supplied 
not  alone  the  meaus  of  completing  iavcatigations  which 
could  otherwiaa  be  pursued  only  iu  a  one-sided  manner, 
but  of  setting  on  foot  entirely  new  onCB  of  incalculable 
Bignihcance,  Thus  the  rate  of  tJie  solar  tranj^Iation  throngh 
space,  valued  little  better  than  conjecturfiUy  from  the  proper. 
or  thwartwiae  motions  of  the  stniTi.  c-an  be  derived  securely 
and  at  oace  from  their  radiaf-  motions.  Of  the  move- 
ments of  nebnlic  nothing  is  known — aad  very  little  is  likely 
to  become  known  for  fionio  CL^iturioB  yet  to  come — except 
through  ep«clroaeopic  measure  me  nt3 ;  for  they  are  so  re- 
mote that  their  positiona  change  with  extreme  plowneHs, 
while  the  evidence  of  radial  speed  is  tendered  immediately, 
without  regard  either  to  time  or  distance.  But  the  moat 
curioua  discoveries  afforded  by  it  are  of  double  fitara  revolving 
in  eucb  close  contiguity  as  to  be  permanently  inacco&^ible  to 
teleecopic  observation.  And  thee*?  are  precisely  the  syatema  of 
bigheat  cosmogonic  interest,  as  being,  most  likely,  at  the  out- 
set of  their  evolutionjiry  careere,  Tliey  are  siirpiTflingly 
numerous^  and  will  doubtless  prove  to  be  linked  on  to  tele- 
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Etdnaties  bjr  an  munt^mipted  fEUCCfmou  of  aouplen 
t  Mhd  £ftrther  ap^Tt, 
ThiB  common  ^roimd  of  the  tuvo  ostrouoiuieA,  where  TnotioB 
in  the  lice  of  sight  is  tlie  object  of  reseureh.  hu^  alr@a<fy  proved 
fruitXul  of  raried  uoveltiGs,  and  its  yield  i»  not  withir  view  of 
bring  exh^iistE^L  It  could,  howevi^r,  never  have  been  we^rki^ii 
iQ  Advaata^  biit  for  the  tiruely  aRsietanoe  of  plioto^'taplij. 
The  living  retina  is  bere  conspicuouf^lj  tnftrior  to  the  chemical 
retina ;  for  aorial  di&lurbiuicoe  are  ominently  butfltug  to  eye- 
qrtienatee  of  Une-shiftingc,  while  the  eenaitive  pLite*  i^onog 
motDenUry^tiuctuatioos.  records  iruf  mean  positions,  Vieual 
mawur«H  are  hence  rurely  truRtworthy:  advtintAgeoiia  ocL-naiocis 
for  secQfiDg  them  are  few :  so  that  they  miiet  always  be  either 
poor  in  quality  or  ?>cant  la  ((Unntity ;  iinil  Jtcf:uniulutcd  djita  are 
needed  ftt)  tfao  hikscfi  of  i^teuiatic  inquirica.  The  use  of  the 
cain^n  is  accordingly  indispensable,  and  ha^  become  al)  but 
cicloaiv^ 

AntrophyKics  wideoB  in  scope  year  by  year,  and  as  it  wiua 
f^Utui^m  it  gaios  infrruiCr.  ea<:h  ndvance  cairyiDg  it  deeper 
into  the  secrete  of  nature.  Towards  this  result  the  alliimcc 
with  photography  haa  contributed  with  signal  otlectivenesa, 
Tb«  iinp«r«>nal  metht)d  confers  a  certainty  and  power  in  dealing 
with  olwriire  phpQoniena  which  can  only  in  special  CHses  be 
oliUEncd  for  th^  eye,  Murenver.  it  ia  of  larger  application- 
It  ctui  be  enjployed  on  aii  expanded  scdtle  both  of  time  Aud 
vp«o&  It  is  ihtiH  the  titteat  mt-aat^  for  collecting  stati^trica  of 
the  heaveuA;  and  atatisticH  arc  m^^ently  in  dem/ind  for   the 

IolLiinate  purpoeefi  of  celestinl  science.  The  whole  fuinre  of 
asiroDomy  liiis  indi-^rl  come  to  depi?nd  upon  the  validity  of 
pliotcgnphjc  evidence,  tmi]  api^eialtif^  of  manipirlation  ^nd 
dCTel(q>meiiti  the  idioByncTti>^ies  of  vaiioLmly  prepared  platea^ 
Uh  shrinkage  of  ^Utine  Qlma^  the  efier.ta  of  graduated 
■  tfxpoflOTVa.  have  to  be  studied  no  ]e^  diligently  than  the 
p  chdoriea  and  crr;>ra  of  brans  ar<l  ^lasB  instrianentB  where  ini- 
toediate  determinations  of  celestial  sitiralions  are  in  qneatJon- 
A«l  rriphfjUjjj'raphy  is  aq  nrt.  and  has  a  techiihjue  of  its  own 
feeding  labour  for  its  maaterj'. 

The  rami^cfitiona  of  Eistrophysica  ore  numeroua  and 
intricftte.  To  traco  them  oiit  in  detail  would  be  to  unroll  an 
ejAlnrato   chart   of  the  sciencea.'      Olt^stial   cbeinietry   U  in 
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itself  au  all  bub  UmitLetiB  departmenL.  It  iitcliides  terreatrinl 
cliemiflti7,  thennotics,  thenQo-eleotricity,  und  slides  inevitably 
into  the  wonderland  of  moIi?culut  phj-aica  and  ethereal  powera 
and  quaiitiee.  Ftjr  the  interpretation  of  Bpectra  deioanda 
acqiviintance  with  the  uiiture  of  the  vibrating  ayetema  origiuat- 
jng  them,  witli  their  rtiktrionj*  to  "  impond«rable"  agencies, 
with  ttieii  pei'turbatioiis,  modi^catioos,  and  diaruption.^  under 
the  6trc53  of  cLrcunuiftaucee  at  prcecnt  scarcely  definable- 
Hero  tJiere  are  worlds  tf>  oonquer.  One  pjioso  of  those 
inquirioH  ia  nuirked  by  th^^  recognition  of  harmonie  line-t^eries  in 
the  spectru  of  the  chemical  elements.  Another  hj  the  diat^overj 
that  wave-length  is  h  riinctiiiu  of  density,  that  ah  increase  of 
pressure  slightly  shifts  the  raya  emitted  by  a  glowing  vapoui- 
downward  towards  the  red.  A  third,  still  moro  6ig;niiica]itly, 
by  the  *'  Zecman  Giroct,"  with  ita  barely  conjectured  implica- 
tiong^  It  consists  in  the  distension  and  suhrliviHiou  of  lines 
nonnjilly  alender  and  single,  when  the  radia-tion  takes  place 
in  a  slronu  magnetic  field:  and  the  specification  of  the  laws 
of  its  production,  whether  close  at  hand  under  controlled 
conditions,  or  &r  out  of  reach  at  the  euiface  of  celestial 
spheres,  allures  the  inu^ination  with  posaibilitieti  of  far- 
reaching  oonaequence.  Above  all,  there  seems  to  be  a 
reaflonable  chance  of  learning  from  it  something  about  the 
electrical  state  of  the  stars.  The  relative  strength  and 
brilliancy,  moreover,  cf  spectral  lines  afford  o^iteria  of  tem- 
perature, density,  and  modes  cf  electrical  action,  but  not 
with  satisfactory  explicitnefla  There  is  much  difficulty  in 
duly  apportioning  the  effaetB.  Thermal  and  elei^tritial  eondi- 
tionH  are  rarely  separable  ;  degrees  of  deitsity  and  of  tempera- 
ture again  need  very  careful  discrimination.  Electricity  is 
the  indiapensBble  agent  lor  exciting  luminosity;  precisely, 
however,  what  part  it  reserves  for  itself  in  the  matter- — 
whether  heat,  as  generally  assumed,  is  its  plenipotentiary,  or 
merely  a  delegate  with  limited  powers — is,  so  far,  uidinown. 
Nor  i&  it  ea^y  to  deffne  what  takes  place  in  the  path  of  the 
discharge,  yet  it  is  from  the  carrying  molecules  only  that  the 
light  examined  is  derived,  and  it  is  their  state  only  t^iat  ia 
indicated  by  its  poculiarities.  Still,  beginninga  have  been 
made  in  the  experimeotal  disentanglement  of  this  web  of 
interdependent   operations,  and  speeitie    inferences    of   value 


INTRODUCTION 


ngu^ng  the  heavenly  bodice  havL-  already  been  drawn 
Jtou  some  prelirmiiAry  ordering  of  tho  vorbue  cloHSeH  o( 
facta 

The  mtjition  of  tlie  lieavenly  iKKiiw  Ih  at  depaitmeat 
UDexedj  while  their  cliemipLry  ha.**  Is-en  treated  hj  the  oew 
aatrotiooiy.  No  longer  treated  ae  a  aimple  geometrical  dfitum, 
it  ift  ctudied  as  an  Index  to  their  pbyi^ical  constitution. 
Spectivetopie  observations  of  nxial  movemenla  in  tho  ana 
mud  pUnete  are  among  the  most  delicate  and  curiouB  that 
have  been  mede.  They  maj  pcHfiibly  be  exteTidet]  tri  nlara, 
DcAmlfle.  and  eometH,  but  the  proepectfi  here  are  dubious. 
Nor  httA  the  old  direct  mode  of  deter mio in g  rotation  been 
mperaedcd  by  the  novt^l  method.  ItR  employment,  in  some 
OUtt  ntpplemeutary,  ie  rendered  in  others,  by  the  force  of 
circanucancea,  exclusive. 

Moreover^  iiwirly  tbe  whole  *'  descriptive "  section  of 
astronomy  is  embraced  by  astrophysice.  It  ie  now  extensively 
yet  not  albogcthei  worked  by  photographic  meang.  The 
camera  has  oo  fi^r  eucceeded  very  imperfectly  in  depicting 
planetiiTy  mirfaces;  but  tho  rec|uired  epedal  conditiocB  are 
being  carefully  studied,  and  will  perhaps  before  long  be 
tvalised.  The  dilficuhieH  nttendiDg  lunar  photography  have 
of  Iflte  been,  in  the  main,  overcome*  as  the  magnificent  Paiifi 
and  liek  Atlases  of  the  moon  testify.  They  neverthelcBs 
record  eeoenlially  what  wae  known  before ;  they  etucidalc  no 
perplexity:  pele-nology  has  been  adorned  and  illustrated,  but 
not  greatly  promoted  by  their  compilation.  The  self-porlraynl 
of  iw^nt  ciJineL^.  on  tJie  i>ther  buml.  ba^*  been  accomiMini&l  by 
remarkable  dieclosures.  Tbey  need,  however,  akilled  inter- 
pretation, and  experts  in  this  branch  are  to  seek.  The 
pictTired  are  there,  full  of  mpidly  changing  and  significant 
dpetail ;  yet  patienee  muat  be  exercised  before  we  can  read 
in  explicit  terms  what  they  implicitly  convey  regarding  the 
eonstitutiun  of  the  l>odies  they  represent. 

The  pbotopTipbic  atudy  of  the  Milkj-  Way — pursued 
nyttematically  by  Professor  Barnard—  ha&  been  more  definitely 
and  distinctly  comtnani(;ali%x\  For  his  plnlos  not  only  bring 
dearly  to  view  th6  mixed  stellar  and  nebukua  nature  of  tbat 
gjigtatJO  RHHembbLge,  but  al*^  nffurd  grounds  for  inferences 
of  graC  moment  as  to  the  general  distiribution  of  the  stare. 
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TluB  indeed  ia  a  aubject  which  might  seem  expressly  rva^rvdil 
for  treatEEent  hj  the  older  astroDomj.  Yet  the*  all-pervaaive 
l^ihyMk-a  of  Lhe  akiKfi  Lhs  a  lieti  ii|io[j  it.  3|i(?ctiosci)piu  coa- 
Hidei^tJoufl  couLG  into  play.  The  modcQ  of  etelUr  sc^bbering 
in  i^pocc  &rc  dttferect  for  the  vEirioue  stellar  types,  ^nd  the 
oooDection  au^i^BtB  qiieiioa,  not  nmdily  tmBAfartd,  ri^guiding 
the  origin  of  IhoBti  types,  and  the  vory  gisneflifl  of  the  sidereftl 
system  itself,  Ahyssen  of  Bpeeuktinn  open  before  ub  as  ^*lfl| 
eontemplatHe  tiie  surging  gH^litctic  cloud-lbnua  depicted  tlii'iin^h  ' 
the  simple  instiumeiitdlity  of  a.  portrait-tena  find  b.  wn^itive- 
plate. 

In  Che  phobomebric  braneh  of  oetronouiy  there  is  a  aimilaf' 
conciirreut^o  at  nWuna.  The  ari-tiii^ment  of  the  starg  in 
Ught'ianka  serves  primarily  aa  a  test  of  their  arrangement  in 
space;  the  ittit,  howevei',  is  illuBory  unleaa  tlie  uatvire  of  their 
spectra  be  iaken  into  JK^count  Again,  while  uieiiaaremeuba 
of  the  hrighttiesB  of  indiridual  stors  are  eiBsentially  physical 
in  their  import,  they  are  also  cai-ried  out  for  the  geometrical 
purpose  of  detGrminiog  f>ct;ultatiou-phaBea.  The  photometriu 
ohservatiou  of  the  eclipses  of  -Jiipiter*a  satidlitee  is  a  con-e- 
spotidirig  example  in  the  solar  wystem.  Otherwifle,  in  its 
varitAi  applioabions  to  the  Bun  and  moon,  to  planets,  asteroids, 
and  comets^  photometry  may  be  said  to  liuvc  purely  physical 
vjixm.  Tbeeic  have  to  do,  not  only  with  integiul,  hut  aleo  vfith 
analysed  Tight.  The  "  spectrometric  "  divieion  of  photometry 
consists  in  the  compirative  estimation  of  ray-intensitieB,  in 
Iwlanc^iu^  one  ;^aiust  another  the  difli^i'eritly  refrangible  hejuua 
from  a  given  source  of  luminosity,  in  constructing,  tl^t  is  to 
eay,  its  spectral  energy -curve.  In  both  departments  the 
camera  proves  an  invaluable  ally.  I'hotographlc  photometry 
occupies,  indeed,  a  place  apart  among  the  artB  and  crafts  of 
astronomy.  It  \iJiB  its  nwn  Ijiwh,  its  own  problems,  it«  own 
ditiicultie!s,  und  it  fumisLeti  data  which  can  bo  Interpreted  on 
principles  valid  for  them  alone. 

The  specialties  of  aolor  physics  arc  too  numerous  to  be 
partieularisedp  Among  stars*  perhaps  an  instgnihcant  star, 
the  fiun  is  nevertheless  by  its  eomparative  vicinity  to  ourselves 
brought  within  range  of  a  whole  series  of  ohservatioiw  im- 
pnicticahle  elsewhere.  lu  eolar  researthj  accordingly,  novel 
devices    abound:     snob     as    the    "  double -sLt    method/'    ao 
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luppilj  JivaUed  of  by  Hale  and  DeaUudiea  for  the  apectro- 
^phic  ix>rlmyal  of  '*  flames,"  faculat  and  chroinoapheric> 
The  complex  operstioas  conducted  under  ebcltcr  of  cclipae  are 
equally  peculiar  in  tLieir  objeot^  and  in  their  tiyateDi;  by  them 
QUly^  is  Lh^  unique  problem  of  tbe  coroua  at  preaent  Hcctissible 
lo  Attack  ;  thaD  of  the  "  reviirHiBg  \nyei  "  is  evsn  more  elusive 
ID  its  tnomenlary  preeentatioaa,  Sim-spote,  oa  tlie  contraiyn 
%TQ  opon  to  IcLeurely  Jajlight  iiLspection;  yet  the  perplexities 
ixttmectcd  with  their  etructuru  and  upectra  grow  mther  more 
timn  len  ocale  as  facilities  for  th^ir  aurutiny  are  increuBcd. 
Bat   Uii»  is  no  uncommon  expi^rience  in  the  arduous  wiilkfl  of 

The  pliaacj  and  geaerality  of  aHtiophjsics  contrasts 
nDguladj  witb  the  uu^tere  cxehiaiveness  of  gravitational 
wtxonomy.  The  new  mode  of  cekatiai  inquiry  followfi  every 
indioAtiou,  lays  hold  of  evety  due  ;  it  proraieee  much,  it  often 
perfflfnu  niorre:  yet  its  advance  is  at  times  hampered  by  the 
rery  uiivumstaoL-^  whii.-b  ii»iike  h  brilli/int  Kttd  KurpriHing. 
For  it  "  d^aljs."  as  rroft'setn  MtnJenball  aaid  in  18^2/  "  with 
a  matter  of  mooy  properties,  aome  of  which  are  but  little 
Biidtretood.  While  ita  concluflions  ore  of  vital  importanco 
Aod  of  inteoee  inti^rest,  ibt^y  result  from  deductions  in  which 
tbe  premissea  are  insufficient,  and  are  proportionately  un- 
certain^ The  ]:i«!W  astroUGmy  must  for  a  lou^  time  al>ouud  in 
coDbrsdictions  and  contri^veiaies.  until,  HJid  Lirgely  through 
its  development,  we  shall  pos&eea  a.  knowledge  of  the  pro- 
perties of  matter  when  subjected  to  oonditionH  dilfering 
en^^rmoufly  from  those  with  which  we  are  now  quite  familiar. " 

Here  indeed  lie^  tbe  fiuidaxaeutal  peril,  and  at  the  ^me 
titne  tbe  esaeiitial  prerogativi^  of  aatrophyaiui.  Its  concern  i& 
with  pheuotueua  falling  pairtly  withiu,  partly  withojt  the 
range  of  ordinary  experience.  It  has  to  do  with  matter  in 
tranBeendeDtAl  etatca  Hence  the  ceceeaity  for  having  re- 
couree  to  the  riaky  expedient  of  "  extrapolation  " — that  is. 
of  applying  unrestrictedly  to  the  unknown,  rules  gathered 
from  obeervrttion  over  a  ujmpwrn.tivtly  narrow  ai-ea.  The 
indefinite  eontiuuity  of  natuml  liiWB  is  assumed  by  it,  but 
ocrtoinly  on  do  sufficient  warrant.  There  is  indeed  no  help; 
&0  other  means  are  available  ;  the  line  and  plummet  that  have 

^  7A<  U^KitMtary.  vol*  u.  p.  144. 
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proved  serviceable  For  Auuiidiiig  tbe  eatmu^  mutt  be 
likewise  for  the  ocean.  The  upahot,  however,  ia  merely  a 
"  tirat  approxiiiiatioa,"  to  be  aubsequeutly  corrected  and 
L-ontroUed,  Aud  it  may  be  of  immense  iniporUnoe  as  elo 
index  to  cotiBequenL-es  or  poesibilitiea  which  could  not  have 
been  foretold,  Hod  defy  even  imaginative  realiaition.  Rut 
just  here  reaidiis  the  exploring  faculty  uf  aatropliyttira.  It 
often  acta  as  the  pioneer  of  terrestrial  acieiic&  "The  discoveiy 
of  unknowu  lawa"  (in  Profeaaor  Keelcr's  word9)^  "  oa  well  aa 
the  expluuation  of  phenomena  by  laws  already  known,  is  one 
of  itB  most  important  objects-" 

A  great  future  ia  reserved  for  it.  It  postulateB  a.  law  of 
order,  the  same  alwayM  uud  everywhere,  and  its  primary 
function  is  to  verify  that  postulate,  step  by  step,  point  by 
point  J  under  cootitiuuUy  widening  horizona  of  knowledge. 
There  ie  no  such  thing  ne  chaoa,  it  tacitly  asserts,  in  the 
sidei'4ytl  world  or  outride  of  it.  For  chaoa  Is  the  negation  of 
law,  iiml  Inw  ia  tbe  eiyjieeaiou  oV  tbe  Will  of  God. 


PART  I 

PROBLEMS  IN  SOLAR  PHYSICS 


CBAPTEK   I. 

PBOOBESH    OF   SOljlU    FHYSICfc 

Solar  Ptysic£  is  Lbe  sjeui^  of  the  sub  lis  an  iudividuul  bi>d}\ 
It  is  not  concemeii  with  the  sun  ac  the  ruler  of  the  planetary 
system*  or  aa  a  membei-  of  the  aidereal  eyeteiD.  The  questions 
which  it  seeks  to  o&swer  relate  exclusively  to  the  "  tbiog  in 
iUeU,'  And  these  queatiouB,  through  the  eETectivenesa  of 
fDudem  methods,  have  hecotrit?  tirtswtTiihlc,  Few  cf  tlieni,  it  ia 
true,  h&Te  yet  heen  an^ntcrtd,  and  all  can  never  be  set  at  reat, 
BinG«  each  wplj  marks  only  iLe  Btartmg-point  for  a  freah 
interrogatory.  Thi&  must  be  30 ;  the  pioapecL  iitcvitahly 
widens  with  the  attainment  of  a  higher  |M>mt  of  view.  Nor  is 
It  likely  thut  the  ascent  will  soon  terminate-  It  is  indeed 
towanis  a  auiuuiit  cloud-wx&pL  and  self- with  drawn.  The 
«8aential  pomt,  however,  is  that  sta^iiatioQ  ha^  given  wiiy  lo 
progreas.  suruiiae  to  inquiry,  and  barren  wonder  to  stiuudatLug 
cohosity. 

SoJat  reaeAfch  made  a  threefold  start  about  the  middlo 
of  the  last  century.  First  came  Schwabe's  discovery  of  a 
decennial  sun-spot  period,  falJowetJ  up  by  Sabine's  annoiince- 
iDcnt  of  a  coincident  terrestrial-magnetiL'  period.  Then,  in 
1860,  KirehholTpqbLAbed  liis  momentous  chemical  intei^reta- 
tjen  of  the  Fraanhofcr  lines,  showing  the  presence  of  familial' 
metab  as  Rowing  vapoura  in  the  euu's  atmoBphere^  Finally, 
on  18tb  July  of  the  same  year,  the  '  red  prominences  "  were 
pbotographically  referred  to  their  true  location,  and  the  whole 
□larvelloiis  e<:l ipse -garniture  was  at  on<:e  annexed  to  the 
domain  of  solar  physics.  The  investigations  corresponding  to 
tbesft  three  beginnings  were  pursued  at  very  imequal  rates  of 
•dvance,  and    with    considerable    disparity    of  auccefis.     The 
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chiof  tnumphe  wcfo  those  of  the  prismatic  methcKi  From  the 
apeclroscope  single- bajided.  the  old  order  of  ideas  received  its 
death-blow.  Glaring  inc^ongruitiea  not withatau ding,  it  might 
have  survived  a  couple  of  dociadea  loJig«r  had  it  not  been  for 
the  reading  of  the  straage  Fraunhofet  inBoription.  But  the  auV 
versive  effect  of  the  attock  delivered  in  1860  was  too  pulpable 
to  be  i^ored.  At  last,  unmistakably*  the  Herecbelian  theory 
of  the  auu  waa  in  rolua,  and  (t  only  remained  to  clear  away 
the  rubbish  of  the  structure  prepjinitor)'  tc  erecting  a  modem 
ediBce  on  new  foundations. 

Its  corner-stone  was  the  principle  of  the  conservation  of 
energy.  This  obtained  its  hrflt  solar  application  from  Helm- 
holt^t  in  1853,  Hia  gravitation  til  bypobheeiB  oxpiained  the 
enormous  outflow  of  heal  from  the  focal  h*iarCh  of  the  planetary 
honauhold  with  h  directness  and  simplicity  that  compelled  con- 
viction of  its  truth.  Energy  of  jjoBition  is,  in  tliis  view,  the 
Bboro  drawn  upon  by  fadiation;  and  it  is  a  store  ao  vast  that 
millenuLunis  of  thermal  expenditure  will  make  no  perceptible 
encroachment  upon  it.  As  the  great  glob^  cools,  it  contracts; 
and  each  oue  of  its  constituent  particles  falls,  day  l^y  day, 
infinittEimitUy  ooarer  to  tUe  centre,  heat  being  thus  meehanie- 
ally  evolved.  Potential  energy  is  in  this  way  converted  inta 
jictiial  energy,  and  we  are  warmed  and  lighted  because  the  sun 
abrlEiks,  aud  is  raised  by  shrinkage  to  a  aurpasain^  pitch  of 
ineandeseence.  His  conetitution  moat  than  be  such  as  to 
meet  these  rer|niremtints.  For  an  ideal  body,  endowed  at 
pldLHurt;  with  funcifiil  prop^rtit^s,  n  inachiut!  haa  tn  be 
aLibatiL>Litt;rI,  deflnib«ly  adapted  to  the  fnlfihnent  of  a  ret-og- 
nweti  funcCion.  This  change  in  the  point  of  '\'iew  ia 
ohuructeristic  of  as  trophy  eical  aims.  It  makes  nil  the 
difference  between  antique  and  modern  science.  A  ^Teat  deal 
is  involved  in  it.  The  demands  of  the  novel  eituation  are 
multitudinouH,  and  can  1h<  met,  not  by  s])ecululiTK  efforts,  but 
only  by  toilsoma  experiiuental  roiaparisunrt.  These  will  need. 
time  and  much  patience,  and  can  never  be  wholly  satis- 
factory in  view  of  the  coutn^st  between  terrestrial  and  solar 
uonditioQs,  Yet  the  efforts  towards  their  asiiimiloliou,  unremit- 
tingly prompted  by  tlie  new  astronomy,  lead  to  a  continual 
growth  of  knowledge,  and  are  unlikely  to  be  relaxed  until 
the  torch  haa  finally  dropped  from  human  huufifj. 
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The  abecikt:^,  Ibeu,  of  a  satiefattcry  aU-roimd  theory  of  the 
son  need  not  be  takeu  as  an  implicfltioD  of  f^iurc.  On  the 
eouUttry,  progresB  is  Eeceggurily  Attended  by  mi^ompletenesa. 
Facts,  when  i«s€fljch  is  most  active  aod  BucceBsful,  ac-cumulnte 
boo  rapidly  to  be  at  once  collocated,  FinuUty  lueaTis  Rtag- 
oation-  Compare  the  niiip  of  the  warUl  drawn  by  HE-cdtjieus 
with  that  by  Herodotua  The  earlier  is  by  far  the  more  iiniahed 
production.  Neatfind  triiu,  with  its  ciieuuifiuL?ut  OcejtD  Stream, 
it  pictorod  the  earth  inoinly  from  ideas  of  wh^t  it  ought  to 
be.  The  later  chart,  od  the  other  hand,  as  the  upahot  of 
wider  expenence.  adniLtbed  ignorance  by  abaliehlDg  limits  and 
leaving  room  for  tlie  uiituown.  A  true  lbti>rj  tnuah  always 
be  aomewhat  expcuisible.  It  must  be  capable  of  accommodat- 
ing Dew  facte.  Otherwise  their  intrufiion  will  speedily  rive 
it  nsunder. 

Only  the  broad  lines  of  eolar  thtwry  cau  then  at  prtisent  be 
Uid  down.  Details  must  be  fillefl  in  gradually  with  the  pro^ 
gtvm  of  reHOarch.  The  preliminary  idefiti,  however,  already 
aoquired  are  unlikely  to  be  subverted ;  we  can  represent  to 
ovmMtivea  a  sun  which  ia  a  reaUty,  and  no  G^ent  of  the 
bnin. 

Oar  Imninary  is  neither  solid  nor  lit^uid.      Il  ia  maioly, 

perbnpa  entirely,  gaseous;  but  its  ga^ity  ia  of  the  "  critical  " 

kind,  due   to  the  comliinutioD   of  iuteu^  heat  with  enormous 

prevnue.      The   thermal   auppliea  needed    to    meet    its    vast 

emieeive  expenditure  mn^t  bo  coDtLuiially  and  rapidly  brought 

from  the  central  parle  to  the  surface;  imd  this  oan  only  be 

vnompliahed  by  the  octoal  transport  of  the  heated  materials, 

Qonductive  procj'SHeH  being  much  too  slow  to  laeet  the  exi- 

[;K3icies   of  the   Hituation.      We   thint   rcccgnise   in   the  suii   a. 

globe  riddled  with  conTection-currentaj  of  which  the  shining 

cJood-abell  of  the  photosphero  constitutce  the  limit     At  the 

pbotospheric  level  the  uprushing  torrents  deliver  their  cargo 

of  isdiaiive    energy,    and    from    the    photo^pheric    level   the 

corresponding    M;bAidenciQ    of    cooled    nmtter   st&rle    for    the 

unmagioable  furnace  below.     This  course  of  exchange,  how* 

€T6r.  must  be  greatly   complicated  by   the  rotation   of  tht 

|Ji8ljiotiuw  in  which  it  pro|i;re580B.     A  true  vertical  circula- 

tian  bs  randered  by  it  impoaeible ;  the  ascending  and  deecend' 

u^  currentfl  must   be    variously   and    incalculably   deflected. 
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lucalciilaUy,  since  the  slate  of  \A\g  eun'a  interior  lies,  in  some 
respects,  boyond  tho  rangQ  even  of  conjecture-  ^^H 

The  very  remarkablo  circiunatance  has  been  emphaaised  " 
by  recent  im.|iiii'iea  that  the  photosphere  tixea  a  boundary 
lieLween  two  ficlrti  regioEia  acaitwly  lewi  strongly  contraat*d — 
to  »pe/ik  ilhjfitnitively — Dhaii  the  terrai[ueous  globe  ftnd  ite 
encompaaain^  iitmosphere.  The  sun  haa  severa,!  iliHtinct 
envelopes,  but  noue,  apparently,  in  the  condition  of  atmo- 
epharic  equiiibriunL  There  is  fir^t  a  ahallowj  veil-like  covering 
by  which  the  disc  is  reddeneil  und  darkened.  Next  conLBfl 
the  "  revernitijj;  layer/'  a  bed  of  tuiKw.]  iofAudeaeent  vapoors, 
some  hundreds  of  niilea  in  thickness,  the  absorptive  nction  of 
which  mainly  produces  the  dusky  linee  in  the  Fraunhofer 
spectrum-  It  ia  ovttrlaid^to  a  depth  of  four  or  five  thousand 
milee,  by  the  chromoephei'o,  a  goscoue  ocean  incarnadined  by 
the  crinoBOn  blase  of  Lydiogea  The  irregiUaritieg  of  its  out- 
line develop,  loejilly  and  temi>orarily,  into  "  proiiuiieoL^Hfl,"  often 
of  gigantic  Bize,  but  belonging  to  the  chromosphere  aa  essen- 
tially aa  mounting  waves  and  toaaed  apray  do  to  the  ocean. 
Finally,  we  rench  the  far-epreadinp  corona,  a  mere  luetrouQ 
phuDtom^  lipproachiug  the  jtbsolute  zero  of  density,  yot  of 
astounding  decorative  ctf&ct  during  total  eclipaea.  Between 
the  toroiiii  und  the  L'hramosphere  there  seema  Tjj  iie  absolutely 
no  material  continuity,  although  structural  relationships  have 
been  braced. 

Those  appQDdogea  are  diatingniahed  by  two  peculiarities, 
rendered  more  obvious  at  each  step  forward  in  research.  The 
first  is  thai  they  contain  an  extremely  small  quantity  of 
matter.  The  Keixind,  that  the  effect  of  the  aun'h  gravity  upon 
them  is,  in  eoine  way,  neutralised.  We  have  only  to  conaidei 
that  at  an  elevation  of  threo  and  a  half  milea  air  ia  reduced 
to  one-half  it^  Beadcvel  denaity,  while  the  corra'iponding  height 
at  tbe  surface  of  the  sue — where  gravity  is  twenty-eight  times 
more  powerfid  than  it  is  on  the  earth — ia  hut  one-eighth  of 
a  mile.  Into  the  compaaa  of  a  shell  jusL  oue  furlong  thict, 
acccrdiugly,  half  the  suhatiince  of  the  reversing  layer,  tihromo- 
aphere,  and  corona  should  be  conapreseed.  if  the  sway  of  gravity 
over  them  were  undisputed.  Its  comparative  impotence  ie 
attested  not  only  by  their  vast  extent  and  eKOessively  alow 
rate    of   luminous  degradation,  but   atill  more  emphatically 
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Iff    tU«    almoet    loud    Hbeouce    fTOm    iLem    of   gpectrOBCopio 
^roptcntis  of  internal  compreHsion. 

Tbtt  varloiu  "cl'iims"  iuLu  vrhicli  ihe  wkle  fi^^ld  uf  Kokr 
|ibyaicB  hu  inevitably  (^otutr  to  bo  divided  arc  marked  by 
conom  difi«r«noe0  of  productivt^neaa.  Some  arc  thickly  eowu 
with  "pockets"  of  bright  ore;  others  have  liitherto  yidJed 
little  beyond  th€  "  sparkle  of  goldeu  eplecdour  '*  on  th^  surtace. 
Ttana  the  geometrical  relations  of  sun-spota  are  not  now  more 
aaiely  known  th^n  in  the  d»y.i  of  Devhuju  ^md  Cuesiiij.  A 
GODflfinsus  of  opinion  th&E;  UAt«d  a  full  cenDury  has  given  way 
to  notorious  diaagreeiiiGiit.  The  elementary  question  aa  to 
wbetber  epot-iuDbrjs  ure  elevations  or  txtiLV.ttionSj  is  ouca^ 
IDOre  actively  debated.  True,  the  overthrow  of  aa  uriificial 
ananimity  often  preludes  a  forward  movement;  yet  ii  might 
Iwve  been  ^xpecu^  that  the  iiniaeui^  maiu  of  photugrapbie 
ttcards  accumulated  during  thirty  yeius  would  have  ampl) 
voficed  to  settle  thie  matter  once  for  all.  It  must  indeed  bt 
ftdinitted  thi^l  direct  Gun-pictures,  notwitlistanding  the  ex- 
quifiite  perfection  to  which  tlie  art  of  tukiuj^  them  has  beon 
farongfat,  and  the  striking  nature  of  the  detaib  they  often 
aihibit.  have  coatrit>uti*d  i>nly  in  a  minor  degree  to  the  pro- 
EooUou  of  deiniti^  knowledge.  Super-eiiiinent  among  them 
«n  the  long  aeries  dud  to  M.  Jaaaoen's  skill :  yet  after  twenty 
|QUB  the  nisffati  pfuitosp/i^riquf,  el  phenomenon  of  "  blurring  " 
ttUiifefeted  by  their  meaoH,  coiitinuea  Gui^'nuitic'  as  to  its 
Datar«,  and  open  to  doubt  even  as  to  its  »rilar  ongiu. 

The  swiftest  advances  iii  j^lar  physics  have  been  aloog 
like  various  rvutes  opened  by  light -analysis  Four  of  theee 
an  broadly  separated  by  diiierencee  of  aim  and  method  The 
iaqttines  they  have  laade  practicable  relate  to  the  cbemiatry 
of  the  son  itself,  the  daylight  study  of  prouiineuGea  and 
&culse  through  a  selected  elemunt  of  their  erniaaions,  Ui 
rwliiU  movemt'iitfl  in  the  sun,  and  to  spe<:troecupic  discloauie^ 
daring  ecLpsea.  The  Fraunhofer  epectriuu  haa  been  studioii 
yttii  by  year  with  minubor  accuracy,  and  similai'  reJiuemente 
m  tbe  treatment  of  the  arc-Bpeetra  compared  with  it  have 
mtated  real,  and  annulled  fictitious  correapondences,  largely, 
u  ma  J  readily  be  imagined,  through  photographic  a^ncy. 
Spedn,  to  be  exactly  collate,  must  be  dunibly  imprinted 
The  fine  measurements  now  executed  upon  them  woidd  be  Mi 
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imposeible  task  for  the  eye-  Profeahor  liowlttud'a  iaventJ'm  ol' 
concave  gratinga  in  1383  has  filso  contributed  very  noluWy 
to  the  development  of  aoUr  chemistry.  They  simulUneously 
fcvcua  impiagiug  rays  nod  dispersa  by  ditiVttetiug  them.  No 
lens  needs  to  be  iEterjKjaed,  and  Ibiis  iliu  diaturbiug  effec-.tH 
of  Beleictive  abnorptiou  and  mTequfil  deviation  are  Hvijidofi 
Impmvementa  in  the  technical  proceeaea  of  photography — the 
aubstitution  of  gelatine  for  collodion  qb  the  vehicle  of  the 
decompoBabk  sslU  ;  the  intenaitication  of  eenaitivenesfi  in  platoa; 
modifications  in  their  colour -an  eceptibiUty — havu  be^a  equally 
efi^tmtiid.  Mi^cliauicjil  uontrivanue  huh  itot  beeu  behiudband. 
WitlioiLt  faultl[:i4H  Hurews,  for  iuHtauc^,  there  could  be  no  per- 
fectly ruled  gratings.  The  cheraistry  of  the  enn  haa  indeed 
drawn  upon  many  and  uneipectod  resources  for  its  promotion. 
SpectroBoopic  work  at  the  sun's  edge  waa  carried  on 
steadily  for  twenty-thiee  years  after  its  initiation  in  1868. 
Itifi  outcome  was  the  collection  of  »  uiaa8  of  valuable  infomiH- 
tion  regarding  the  Ghromoapbere  and  its  jutting  eminences. 
Their  forra-a^  movementa,  and  duration  were  rcgiatered.  the  law 
of  their  distribution  waa  necortained,  the  mo<te  of  their  cou- 
foriuity  to  tbe  spot-cycle  inferred.  So  rich  a  hai'veat  was,  in 
fact,  gathered  at  once  that  the  soil  began  to  show  signs  of 
exhauatiou;  tbe  proRpei't  wiemed  dim  urdeteclinjj  any  furl.ber 
essential  noveltiea  in  tbia  diiectioo  ;  the  routine  tank  of  daily 
promeDadiag  the  slit  of  the  spectroacope  round  tlie  limb  loat 
its  seat.  Then  in  1891  a  novel  commencement  was  made, 
and  made  in  duplieate  by  Professor  Hale  at  Chicago  and 
M,  Dealandrea  iu  Paris.  They  transfeiTed  tbe  buaineea  from 
the  eye  to  the  sensitive  plate,  definitively  and  with  splendid 
ancceas.  The  photography  of  prominences,  although  tried  ou 
a  correct  principle  by  Profcsaor  Young  in  1870.  remained  in 
an  abortive  experimental  stage  until  rocoureo  was  had  to  the 
device  of  iaobiting  the  K-Une  of  calcium,  and  depicting  them 
in  this  single  element  of  their  light.  It  proved  applicable  to 
facul*  an  wt?ll,  and  in  one  minute  a  complete  picture  of  the 
disc  and  ita  appurtenancea,  as  ehown  in  the  violet  ray  pro- 
fuacly  emitted  by  them,  can  be  secured  with  the  speotrohelio- 
graph  whenever  the  sun  abinee  on  either  side  of  tbo  Atlantic. 
The  very  name — "  Bpectroheliograpb  " — of  tbe  instrument 
invented  for  the  purpose  compriaes  a   history  of  changing 
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inetboda — of  the  aupeii^eBBiDa  by  pbotographj  of  eye-*md-hand 
ilelineatioD.  and  ol'  the  leplacemeiit  in  turn  of  direct  phalo- 
gnphic  portiaj-ftl  by  impressions  ot  opectrftl  imagea  And 
tliere  baa  beeu  a  corresponding  moditicatiou  of  ideaa.  New 
coDoeptioua  are  gaining  ground,  not  through  the  hrwiclung  of 
tfartling  theoHw.  but  under  the  steady  guidance  of  uiideciable, 
and  often  fitirpriaing  i'lULis. 

Doppler's  principle  wfts  applied  by  Sir  Norman  Lockyei 
nboat  18T0  to  jRHtorologicai  investigations  [as  they  might  bt 
called)  in  the  eun.  They  diecloeed  the  not  infrequent  occur- 
rence  there  of  portentous  cyclonic  agitaticna.  DiHtortionB 
and  displiicementrt  of  the  hydn^en  lines  attested  the  rushing 
of  mcandeaconl  whirlwmdu  at  speeds  up  to  250  miles  a  secouJ. 
Mnch  luis  yet  to  be  learned  regarding  these  extraordinary 
pbonomena,  theb"  relatioashipe  having  acarcely  received  the 
<teULiled  and  particular  attention  that  they  deserve.  I^rofcsaor 
Toang's  luw  of  the  same  method  in  1876  to  me&sure  the 
nlar  rate  tif  rotation  served  l*oth  as  a  test  of  its  validity, 
whicl)  it  cataljlitdmd  beyond  cavil,  and  as  a  prelude  to  im- 
portant refmomenta  in  the  treatment  of  that  intricate  subject 
Notwithstanding  its  anomalous  retardation  north  and  south 
from  the  equator,  M,  Dun^r  obtained  in  L^S?'^  fipeetroscopic 
cridence  of  axial  movement  up  to  fifteen  degrees  from  either 
poUt,  and  thereby  brought  il  wiilened  r^nge  of  it^  c^inplexibieA 
miller  observational  control.  Linu-displaizemenLa,  too.  HimiljLi  ly 
pmduoed,  have  become  the  standard  criterion  for  discriminat- 
ing  between  the  genuine  eolar,  and  the  merely  telluric  con- 
stituents of  tlie  FraunhoFer  spectrum ;  and  it  need  scarcely  Ic 
pointed  out  that  to  set  tliem  decisively  apart  ia  a  pre-requisite 
lo  mlar  chemical  [irugreea. 

Eoich  favourable  eclipse  since  1342  has  furnished  to 
science  its  quota  of  n«w  facta  aod  inspiring  suggestions.  In 
1861,  the  aolar  status  of  the  "sii^rra"  and  "red  protuberances/' 
demonstrated  in  I860,  was  recognised  by  all  except  a  few 
obstinate  scej^tii%  In  1 368,  the  hydrogen  and  helium 
epectmm  of  these  wonderful  objects  cAme  into  view ;  in  1869. 
Ihe  green  coronal  ray  ^^s  detected.  Then  ou  22nd  Decemlwr 
1870,  Young's  Langential  aht  was  momentarily  lit  up  by  the 
*34fih  ppectrum"  of  the  reversing  layer,  which,  after  twenty- 
nx  jWTs,  was  pholograpbically  captured  by  Shuckletonj  and 


20 


FBOBLBMS   IN  ASTROPHYSICS 


BO  became  the  Habject  of  U"»(iiiile  and  criticHl  invescigatioa. 
Tliifl  WBH  greatly  promoted,  bj  the  multiplied  records  of  it 
obtained  along  tbe  line  of  totality  which  crosaed  India.  22nd 
January  1898.  The  cyclical  variation  of  coronal  types,  in- 
dicated by  the  substitution  of  luminous  "winga"  for  the  mort^ 
familiar  "glory/'  during  the  Rocky  Mountains  eclipse  of  29tb 
July  1878j  W!k4  veritietl  by  a  Hjilendid  series  of  coronal  photo- 
grapbH  t^iken  Lu  Kgyyjt  au  1882,  at  the  GaroUi^ti  lalauda  and 
Grenada  in  1883  and  1SB6,  in  Oalitomia  and  at  Cayenne 
during  the  January  and  Dceembcr  totalibioa  of  I83£^,  at 
Novaya  Zemlya  in  16^^,  in  the  Deccan  in  1898,  in  Sumatra 
and  Mauritius  in  1901.  Sit  William  Huggins's  device  for 
photographing  the  corona  in  daylight,  invented  under  the 
atimulua  of  the  Nile-eclipse  djacloaures,  Liofortunutely  remains 
in  abeyance.  Its  realit^ation  is  a  pricie  desideratum  in  solar 
physics. 

ThEi  pii^rCEs  of  eeienoe  in  this  branch  might  with  eub- 
ftuntial  Bccuracy  be  described  in  t;he  <;i>udenaed  statement  that 
a  fabulous  lumioary  liiiH  niiLde  way  for  u  working  machine — a 
machine,  it  is  true,  of  ludnite  ^^iinilesity,  yet  in  toueh  with, 
although  tranaceuding,  the  common  order  of  things.  Juab 
here  reaide  tiie  csitreme  interest  and  value  of  eucb  inquiries. 
They  deal  with  wbat  is  concrete ;  they  can  be  pushed  on  by 
experiment,  bat  by  experiment  always  strainLn^  to  widen  its 
resources.  Limits  are  aecordingly  puj^lied  Itaiik  little  by  little 
— limits  of  tempeiature,  of  raitCietioa,  of  ethereal  sLresH  ajs 
manifeated  by  eleutric  and  magnetic  intensity.  The  end  of 
the  proctae  ie  not  within  view.  The  way,  arduous  though  it 
be,  lies  open,  and  :s  securely  travelled  by  those  who,  relying 
on  the  unity  and  eontiuuity  of  uaturej  confidently  hope 
attain  by  it  to  the  knowledge  of  higher  bruthK. 
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KHOVrLBDOE  of  aoiwr  chemistry  b  hij*d  exclusively  upoD  the 
aodJjMu  of  solru  li^'hL  U  udvtULCee  /jfiri  ^u^^/i  with  tlie 
ifikvpretatton  of  th^^  FnuDhofer  lines.  And  by  tbeir  inier- 
pnlation  ia  siguitiecl  the  proc«fls  of  identifying  theui,  one 
hj  OQe.  With  the  rAjs  of  known  aubetan[:es,  itiude  to  glow 
4rttticiAUj  in  the  laboratory.  They  are  the  chanicttre  of  a 
aoiift  ID  the  main  de^ipherahle,  aud  already,  to  a  aatiafoctory 
<lteat,  dc9ciphtrr<Ml  JiiGir  reversJil  from  bh^bl  to  dark  simply 
■tpliei  tluit  the  prisroiitie  bAck^und  upoE  which  Lliey  tire 
pn^eci&d  TT^preseQts  it  hntter  >iouruG  of  radiuliun  thun  theim 
Id  other  words,  the  ttiiiJi>ti&tui^  of  the  photosphere  is  aJrove 
liikl  (if  the  ignited  vapoun*  through  which  ita  light  ia  sifted. 
ibd  hy  which  it  ia  selectively  db?othed, 

Fmaobofere  survey  of  the  sotar  epectnim  woa  neceHsimly 
mfiu^  to  its  visible  section,  and  was  executed  with  very 
intpcrfect  uppliancea.  Yet  the  line^  kiil  do^vu  in  his  lujip 
tad  ihe  importance  of  permanent  landmarks.  The  following 
it  a  list  of  the  chief  among  them,  their  wave-lengtba  on 
Bcvitiuid'a  eoile,  and  the  chemical  oti^ue  aacertained  for  them, 
b«i&e  «ddod : — 


A. 

o 

I 

G 

H 

E 

•n 


onpn. 


7CB1'0fi>  <upT>«T  tdf^t 

of* 

u 

nd) 

TurertnAl  oiygtn 

««e7'4n 

f  ■ 

If 

Tl                             *< 

6fifi3'0ri4 

H^dmgiiTi 

MM-i&a 

Siidiuiu 

£650  153 

■I 

es7o-t»fi 

Inn 

£183-71)3 
4801 -|V« 

Uunwiam 

4Jt06'D.14 

Iron 

|t0fl-S3O 

Cakiuzu 

**38m 

»■ 
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The  fiist  and  last  lines  in  this  table  approxiiuately  define 
the  rflnge  of  dispersed  sunlight  visible  to  ordinary  eyea.  It 
I'ttends  (iv^T  neurly  im  octavi* ;  und  a  higln^r  Imir-oclAve  !□  tbe 
ultru-  violet  is  dtHcloaed  {ihotogmphicull}'.  Tbe  infm-  red, 
however,  offers  a  far  vaster  scope  for  explonvlion.  Using  a 
"  holographic  "  method,  in  which  the  camera  regietets  what  the 
bolometer'  feds,  Profeasor  Langl^y  has  surveyed  a  stretch  of 
dark  mdiatioiLB  eiglit  times  longer  than  the  bright  atrip 
mapped  by  FniunhoiVr  ;  nor  was  his  advance  duwnward  in  the 
spectrum  checkeil  by  any  inaurmoimtiible  bturier.  There  is, 
indeed,  much  probability  that  long  heat-waves  and  short 
"  Hertzian"  wavoa  are  really  indistinguiahable,  and  that  the 
luminous  spectrum  passes  without  a  break  through  the 
thermal  into  the  elef^tric  apectnim- 

111  the  ultra-violet  region,  on  the  other  hand»  a  par- 
emptoiy  atop  is  put  to  research  by  the  interpoeition  of  tbe 
air.  It  escludes  by  abaorbiny  ether- wuvl^s  shorter  than 
about  \  ;J950.  Oomu  found  flunlight  to  bu  ni-rented  juel  at 
this  point.  Sit  William  Huggius  fixed  the  liinit  for  the 
photogmphic  speetnun  of  Vega  {a  Lyrae)  at  \  2970,'  It 
does  mil;  flur.-tuittc  with  Te]eteijro[f]git.'Hl  conilitiou^.  Dampnees 
and  drought  are,  equally  ineffective  in  shifting  the  atmospheric 
barrier  against  the  entry  of  quick  vibrations.  Comu  ascer- 
tained in  INSl  *  that  it  ie  aETceted  only  by  the  height  of  the 
barometer.  Not  is  the  i-eduction  of  impermeability  through 
ascent  above  the  earth's  aurface  nearly  as  grefit  as  it 
would  l»e  if  ai^ueoiirt  vapour  were  the  produt^ing  agent. 
That  oxygen  is  chieSy  concerned  is  rendered  certain  by 
ccnverging  proofs.  Nitrogen  aecma  to  be,  in  this  reepect 
as  io  others,  nearly  laert. 

The  general  enfeeblement,  by  trammiifl^iion  through  oytt 
atmosphere,  of  the  violet  and  blue  sections  of  Hunlight  becomns 
obvious  in  th«  redueHs  of  the  sinking  Bum  On  the  lower 
radiations  telluric  tibHcrption  acts  more  apecifiaJly,  They 
are    interrupted  by  tx    multitude    of  dark    Utnds    and  linct^ 

'  Thfl  JTidicallDnn  o!  ihia  bemliful  ini(triim«nt,  vhi^jb  i)E>|>»])d  upon  the 
uhaa^B  cif  cleclriao-l  [eiLAtaii<'«  iu  m  Bttiy  o^  y]^iiaatt\.  pToduccii  by  diflcrrnocB  of 
Ltiropenture,  are  balievvl  to  Ih  niLiablcj  tu  ouE-buudrnl-JuiUiuutli  ur  a  dflgrtv 
LrDtlffTLde.     lADglcj,  Pkil.  Mitg.  JLtlj  1901,  p.  123. 

'  iVot  Espal^toeiet^,  va].  x\vi.  p,  134, 

■  JemvU  d4  I^t^nqiUf  L  i.  p,  \G. 
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rvttoitiljr  refetable  to  it.  Thp  qiiestioa  iui  to  the  terrestrial 
01  oalar  origia  of  sucli  efTecta  la  evidently  of  fuodfouenUl 
importance  to  solar  chcmistiy.  It  can  be  answered  in  two 
distinot  vraya  llie  earlier  iiad  simpler  mothod  is  by  compar- 
IB^  Ihe  spectra  of  the  high  and  low  sun.  The  groovingn 
that  gain  strength  wiLh  approach  to  the  horizaii  stand 
«elf-4lecUred  aa  aLmospherir.  while  line*  unaffected  by  altitude 
tell  pUiclj  of  exotic  conditions.  The  latter  claaa  are  much 
the  mcvo  aumeroua.  Of  31^00  lines  mapped  hj  Tholloa, 
2090  are  purely  eolar,  856  tellaric,  acd  246  of  compoand 
pnxlQGtioiL'  And  the  proportion  ia  not  Tery  djfj'ereot  in 
Dr,  Becker^B  catalogue  of  3637  apeetral  linea^  pwhlished  in 
1890'  Among  them  928  came  out  blackened  in  "  low-sun  " 
obeervatioDs.  and  proved  in  the  main  due  to  the  Belsctive 
aboorptioD  of  water-  vapoiir*  A  considerable  pro^jortion, 
indeed.  be]oQ^;ed  to  the  "  r^iin-band,"  and  varied  faygroseopic- 
ally.  Dry-air  alsorption  is  ahaoat  exclusively  an  oxygen 
pradnet-  Tt  takea  effect  chiefly  in  three  wide  hands,  Fraun- 
hofer^a  "  A  "  Hiid  "  H  "  au  J  Arjgstrijiu's  "  a."  all  relieved  against 
a  cnmeoD  background  They  are  characteriBtic  of  cool 
oxygen.  The  molcculcB,  whose  vibrotione  they  in  a  manner 
reflect,  are  broken  up  at  high  tempenituree.  They  survive, 
however,  the  liquefaction  of  Ihe  gas  at  —  181*  0.  Professors 
IjveiiJi»  and  Dewar  ohsarvitd  the  atmospheric  A  and  B  in 
light  thai  had  1>eeQ  transmitted  thruugl]  three  inches  of  this 
frigid  fluid*  The  rhythmical  flutiogs  coicpoeing  the  former 
are  shown  in  Tlate  11.,  from  a  photograph  by  Mr. 
3icClean.  The  work,  of  which  tt  le  a  epecimen,  portrays 
the  solar  spectrum  in  seven  sections,  from  D  to  below 
A  (X  5800  to  X  7700),  the  diB|>erBion  having  been  effected 
by  meaofi  of  a  Kutherfurd  gating  of  17.296  Unea  to 
tbo  inch. 

Fit',  1  givee  a  general  view  of  the  atmoapherie  spectrum, 
BO  ^  afl  it  can  be  eeen,  but  it  is  largely  invisible.  Langley 
found  the  imuiense  tract  of  the  heat  spectrum,  down  to  wave- 
tengtha  of  nearly  six  "microns/'*  thronged  with  "cold  *'  rays, 


'  CortU,  Agtronfont/ an,/  jitirnjifiyna,  rol.  iL  ji-  3H&- 
*  Traiu.  Hoyal  Soddy  tf  Sdinht/yh,  voL  trxvl  ptrt  L 

*  A  nuarob  =  oji49-lliuuiiuidLh  ofm  miUimtUfi- 
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65  2  of  which  ^  were  accurately  determined  from  "  bologr&pbs/ 
but  remaiii,  with  few  exceptioDB,  ubemically  uuideutifjed. 
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Hii,  L^^Muaimi  ^'l^i*  uf  ACtr.i>i[»!i'<rK'  (^pn'lrniiik  {ScEieFnai'i  Jjtrvih<Mi*»] 


Fig.  2  reproduces  Langley's  drawing  of  part  cf  the  iufra-red 
apectrutiL  Tlie  lil-ink  strip  to  the  left  rIiows  the  coniparativa 
brevity  of  the  visible  part  of  the  scroll.  The  iaviaible  parb 
includes  the  difitincti^c  signature  of  one  other  atmoapheric 
Gonstitaotit  besides  oxygen  and  water-vapour.  Two  strong 
bands  in  the  infra-r«d  are  assigned  by  Knut  Angstrom  to  tha 
ahecffption    of   carbon   dioxide/  a    aubstnnce    of  which    fom? 
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Fio.  IL—Tite  ibta-Ufi  Spoctriuj]  tlAnglf)-). 

Yoltixnea  are  present  in  ten  thousand  of  air  at  sea-leveL  Thol 
huge  nitrogen  envelope  of  oiir  globe,  top;cther  with  ite  argon- 
ingredieDt,  appears  to  be  perfectly  transparent  to  tayn  of  all 
refengibilitieB-  The  unexpliiiued  ftict  of  its  spectral  nullit-y 
emphaBirtei^  Ihe  iiiadmiewihiHty  of  iiegH,tive  contluaiouH  regarding 
the  ohemiatry  of  the  heavenly  bodies. 

The  second  peculiarity  wliich  distinguiahes  telluric  lines  is 
a  negative  one^  They  do  not  shift  as  the  euu  rotates.  But 
lines  geuuLnely  emanating  Iroui  the  equatorial  ^dges  of  tha 
Hnn  ftte  diflplaced  towards  Lhu  blue  by  the  ndvancing  niove- 
menb  i>r  the  bft  or  eastern  limb,  towai^s  the  red  by  the 
recession  of  the  weatern  limb.  The  juxtaposition,  accordingly* 
of  spectra  from  these  two  oppositt^  sources  serves  ne  an  un- 
failing toBt  of  the  origiji  of  their  constituent  markings,  thoea 
claimed  by  Dhe  son  being  perceptibly  notched  at  the  points  of 
junction,  while  their  telluric  assodates  run  oil  continuously. 

*  ^/iiid/i  of  l/ie  Spiithjttmiart  /1i£r€ph;jsiad  Of'Mrrr^itry,  toI  i.  |^  170. 
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Little  has  been  ndded  to  kuowledge  of  the  sun's  coti- 
tftitution  b^  re3ejux:he3  in  tbc  iniru-re*.!  part  of  Lhe  speclnuc. 
ThK^  uv  flfi  yot  crippled  by  tpha  la^k  of  metallic  uompariBaa' 
liDiB.  Sir  WilliAm  Alney  obtained  ia  1879  a  modifica- 
lion  of  bromide  of  silver  raiisiuive  to  slow  heat-vibrHlion^. 
mnd  thofl  suooeeded.  in  ilirw:ily  pliDbogruphiug  the  8oltir 
Bpectram  betweeu  tbe  w^ve-leu^tlia  \  7300  mid  X  10.750. 
Of  691J  absorptiou-IineK  measured  by  him  in  this  region 
in  188(j,'  only  uu  infiignifiuLut  tructjoo  have  been  identi- 
fiod  All  the^  belong  to  nieUis  with  low  tnehlng' 
poinkft*  Ftirtlier,  certain  bonds  wliicli  Becqnerel  succeeded 
in  reodering  Yiaible  by  phoaplioresci-niie  proved  jLs^lgUHble  to 
Uttgnealum,  calciuia,  sodium,  aud  fjot>iLsaiuin.^  This  conSmm^ 
Hem  of  the  preeeiice  in  the  sun  of  potaaaiuni  waa  fir  from 
Auperflnoua,  as  only  one  line  due  to  it  oan  ordicnrily  bo  ncen. 

The  recent  era  in  eolar  chemistry  may  be  said  to  date 
from  Rowland's  production  of  a  perfect  screw  in  1882.  This 
miDOr  ferit  of  iTigftmi^y  cpened  thi^  way  for  vitjil  impravc- 
uoenta.  Through  its  iucuqh,  grutiugH  ruled  with  ulincML  ideal 
repuUrity  bocimc  widely  aTailable,  and  the  ditbculties 
impodiuj^  the  diflructive  icod&  of  light-analyeia  were  removed 
or  diminished.  Now  gbservatiouB  are  mutufllly  comparable 
only  when  the  ahajtjUe  wave- lengths  of  the  observed  rays 
Are  known ;  and  they  are  derivable  immediiitely  from  the 
diJInictiou  spectrum,  while  in  the  refraction  apcctnim  ^veral 
complicating  circumBtancefl  come  into  phiy.  Hence  the  supreme 
riiae  of  gratintjE.  For  in  the  spectra  afforded  by  them  the 
poftiLions  of  rays  <lepeiid  simply  and  solely  upon  the  dislance  from 
cnet  to  crest  of  the  minute  ethereal  undulations  they  represent. 

Rowland'it  photographic  map  of  the  solar  RpHLtnim  **  whb  a 
docuxoeut  in  advance  of  the  time.  The  amuuut  of  detail 
shown  in  it  may  be  excmpliiied  by  the  statement  that  150 
Unee  of  absor[ition  could  be  acparatcly  reckoned  between  H 
and  K,  the  greiiL  calcium  pair  in  the  violets  No  compjii^ible 
dritnfiaiiotLs  of  terrcKtrial   spectra   (apiirt  from    that   of  iron) 


*  PMt.  TnmM.  to].  oIutU.  p.  457.  <  iA£(L  p.  46S. 

■  ViflddEunn'v  d^KTto^,  BiL  dtlL  e^  203  (1d«2>.  &w  lWi  B.  ?.  Uiris'a 
irof«rt«nt  Icvntl^lionB  oF  "Tho  IVavo  Lcngtlia  nf  Inrnt-Kwl  LiEX«a,"  A$1t.  Ph. 
JvitriuU,  vriL  u-  fj.  ]. 

'  PuUiUt«d  it)  il4  AnUrgi^  fvna  ui  16Se. 
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were,  ho^vever,  then  extant;  coincidences  between  the  rays  in 
thera  and  Fnninhofer  lines  might,  accordingly,  \te  often 
fippurcLit  only,  und  devoid  of  chMnicul  fiiguifiuince.  Dr. 
Scheiner  gave  expression  to  a.  general  Bense  of  diecouragement 
when  he  wrote  in  1890:  "It  ia  unfoTtiinEitely  the  caee  that 
less  is  known  to-d(iy  ae  to  the  racaoiug  of  the  Frjinnhofer 
lines  than  was  supposed  to  be  known  Den  years  ago." ' 

The  need  for  fresh  efTorta  was,  however,  promptly  met 
Photographic  iiiveatigatione  of  metallic  sjrtHitnt,  fully  coming 
up  in  trhe  new  standard  of  accuracy,  were  set  on  foot,  among 
otherB,  by  Kayaer  and  Bunge  at  Hanover,  by  HasBelborg  at 
Stockholm,  above  hII,  by  Howlaod  aod  his  coadjutors  at  the 
-Johns  Hopkins  University,  Here  the  spectra  of  nearly  all 
the  L-hemii^l  elements  tmve  been  photograplied  with  high 
diapersiofi  for  l.he  purpose  of  solar  conipariflons.  And  the  end 
of  the  process  is  well  within  view.  Measurements  have 
already  been  carried  far  cnougti  to  give  a  moititudo  of 
identifications.  Between  1895  and  1897  Proteaaor  Rowland 
pTibliebed  in  the  A-Urophj/sicai  r/oT/rnfu!  a  "Preliminary  Table 
of  Solar  Wave-Lengthn,"  extending  from  \  7331  to  \  2976 — 
that  in,  froFii  duHlcy  [^riuLAori  up  to  the  highefit  ultra-violet  ray 
f;apable  of  penetrabing  the  aerial  barrier.  He  unhappily  did 
not  live  to  make  the  list  definitive  ;  but  it  compriBes,  sb  he 
left  it,  nearly  20^000  lines,  about  a  third  of  which,  by  a 
rough  estimate,  may  be  confidently  referred  to  absorption  by 
various  terreetrlal  substances.  These  are  enumerated  below, 
aocording  to  the  number  of  liutiH  aaaociated  with  them  in  the 
sun.  The  correBi>oiiding  atomic  weights  are  given  in  a  aeconi 
column. 

Kowland'^  Tabi-e  uf  Solar  EL&HBSTa 
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EL«iiiait. 

Atomic  Weight, 

Iran  (Bhont  27fiC  limr-coincidencea)         ,               .             56 

Hiokd 

56 

Titaniiiiu 

da 

Mangfl^uae 

55 

CliTCiniuiD 

59 

Cobfllt 

es 

Carbun  (aliout  940k 

11 

Vfin^tUTiL 

SI 

Zirc^mium 

e5 

"  IheSpetarfttaJialjmdfvOatintr,  ]t.  177, 
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Klonqt 

Atomio  Vflight 

Gorium             ,             .             .             , 

140 

GaldiuD  (oTOT  75) 

40 

Seandiiun         .... 

44 

Neodymiimi      .... 

140 

f^nthaiiiiin           .... 

139 

Yttrium            .... 

89 

Niobium           .... 

94 

Moljbdsnam    .... 

96 

PkllAdJam         .... 

106 

Hagneaium  (about  34  coincident  ItDm)   . 

S4 

Sodinm(13)     .... 

23 

^icon             .... 

3a 

Bfdrf>g«ii          .... 

1 

Strantrata 

87 

Barium                       ... 

137 

AlEnniniam      .... 

S7 

Cadmiiim         .... 

lis 

Rbodiam          .... 

103 

Erbium             .... 

166 

Snc     ..... 

65 

Copper  (B)       ... 

63 

SaTer(a)          .... 

lOS 

GlDcinom  (S)   . 

9 

Germ&niom      .             .             ,             . 

72 

Tin      . 

117 

Lead(l)            .... 

ao7 

Potunum(l)    .... 

39 

Of  the  followiDg  substances  no  traces  could  be  found  in 
the  Bolar  spectrum :-— 


Elemvnt 

Atomic  Weight. 

Antimony 
Ai^nic 

ISO 
75 

fiismnth 

308 

Boron  . 

11 

CBeduni 

133 

Gold     . 

197 

Indium 

113 

Lithinm 

7 

Mercury 

Nitrogen  (vacuum  tube) 
Pho«plioru» 
Pravodymium  . 
Rubidium 

soo 

14 

31 

144 

Selenium 

79 

Sulphur 
Thallium 

33 
233 
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Aigon  may  now  be  included  among  the  non-apparent 
elemecta,  and  the  presence  in  the  bud  of  platiimm  and  the 
nicliala  tognatfl  witli  it*  ih  hIUI  an  open  quewlion.  A  melal 
belonging  to  a  \eiy  different  claaa  waa  added  to  the  nvrtber 
of  aolar  LDgredicnte  by  M^aars.  Hartley  and  Kanit^  in  lJJ97'' 
They  conrineingly  identifted  two  blue  rays  of  gallium  with 
Fraimhofer  lines^  pointing  out  that  the  proportion  to  iron  of 
the  new  metal  indicated  as  existing  in  the  reversing  stratum 
was  by  weight  only  one  to  thirty  thousand.  This  acconU  well 
with  its  terrestrial  relationa.  Gallium,  discovered  by  Boia- 
baudrin  lu  1875,  aeems  to  be  widely,  bnt  very  minutely, 
diffn'ied  tlti'oughout  the  earth's  crust.  It  occurs  aleo  in 
meteorites.  It  lias  an  atomic  weight  of  70,  is  singuhtrly 
volatile.  jLud  melts  almost  as  readily  as  butter. 

No  aubBtanee  liaa  been  more  eagerly  looked  for  En  the  mm 
than  osygeu-  But  the  search  waa  long  in  vam-  Henry 
Draper's  rocogiiition,  in  18T7>  of  briffkt  linos  of  oxygen  iu  the 
HOlar  apectrum  created  a  sensation,  but  proved  illuBory.  J.  C, 
Draper's  dark  lines  were  a  Btill  less  plausible  persouflcion, 
Siaig  aticerlained  in  13^4  that  none  of  the  eighty-one  emission-^H 
lines  Lueaamed  by  liimaell" ocl-ut  iu  the  solar  Hi.iectrum."  iTanasen^^ 
demonstrated,  by  obaervatioua  from  the  summit  of  Mont  Blanc. 
that  the  cool  oxygeii-£JHbfloq>tion  conspicuoua  in  it  ie  of  purely 
Delluric  origin-/  and  hia  conclusion  was  ratified  by  DumYft 
application  cf  the  motion -displaeement  teat.*  Oxygen,  how- 
ever, ia  a  suliptanre  of  most  comples.  ,and  perhapi  unata] 
nioleculot  atructure,  No  lesa  than  aix  distinct  spectra  char-' 
acteriae  it,  two  of  them  produced  at  low  temperatures,  and 
known  through  their  absorptive  etfectfi  alone;  four  derived 
from  vacuum  tubes,  uoder  varying  degrees  of  electrical  excite- 
ment. Moreover,  one  of  these  terms  of  emission  is  a 
apectrum  of  the  moat  iDtricfitbj  kind,  comprifjing  six  different 
sets  of  harmonic  vibrations,  tliree  made  up  of  triple,  three  of 
single  Iinca°  And  here  at  last  a  aigniticant  coincidence  waa 
found  A  triplet  in  tlie  red  part  of  the  Fmunhofer  spectrum, 
photographed  by  Higga  and   McCleiui,  waa  in    1S97   clearly 


ULTm  ■ 


'  AiUriph}iBicaUnttn\iii.  vrA.  iir  p.  214- 

'  Aitr,  and  JstropAffsla,  vol,  xJii.  ii,  tOO,  '  Cainjitea  Ec^dud,  I.  ciL  p.  431, 

•  Aair.  at\i!  AAUttjihyaifs.  vol.  iili.  p,  Slfl. 

'  Raoga  and  Paai«lit|i,    TiA^nanTi'j  Artitahn,  Bd.  Ixi-  p,  611  (1807). 


identified  by  Range  and  Poscben  as  a  fundamental  oxygen 
group  ^  {B6e  Fig.  3).  The  represeutation  of  the  element. 
ftltbou^  certain  and  authontic,  h  reduced  to  e.  miniiaum. 
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The  spectrum  of  belium,  which  is  analogous  to  the  *'  aeriea 
s|iecinim "  of  oxy^n,  makes  no  show  in  analysed  sunlight, 
but  appeiirs  bright  ahove  the  liinh.  In  blie  castt  of  IiUIa  8ub- 
aC&uce,  moreover,  the  uaual  ordei  of  detection  was  reversed. 
Ila  iCGoguition  as  a  chromoaphcric  mateml  preceded  hy  nearly 
n  quarter  of  a  century  the  expnkion  in  Profcsaor  Kamsay'a 
UbontoTT  of  an  identical  gas  from  clevite.  But  about  helium 
more  will  be  said  praHuntly, 

So  far.  then,  thirty-nine  of  tlie  chemical  elemerrta  are 
ItDOvn  to  be  ommon  to  the  earth  and  sun.  and  the  remain- 
iog  forty  may  very  well  be  so  likewise.  The  absence  from 
among  the  tioUr  ingredients  of  any  single  terrestrial  Bpocioa  of 
nutter  is  unproved,  and  perhaps  unprovable.  The  Fraunhofer 
^kec^rum  Huma  up  the  combined  Hlt8Dq)t)OD  of  a  heU^rogeneous 
muMire  of  rapourn.  Bul^  the  aggregate  \a  widely  differenL 
from  what  would  be  obtained  by  aimply  adding  together 
the  eeparate  eEfecta.  for  it  ia  the  outcome,  eo  to  speak,  of 
Btni^^c  and  eurvival.  In  a  medley  of  i^^nited  subatances,  the 
raya  of  certain  among  them  predominate,  while  those  of  others 
ar^  efibotfd.  Thus  nau'metals,  ae  a  rule,  make  a  poor  figure 
in  the  Bpn^tral  eoiupebition  with  metials,  and  thifi  ia  donbtleSK 
one  reaaon  for  their  inconspicuous uoas  in  the  buu.  Apart  irom 
hydro^u,  the  prcpertios  of  which  ore  exceptional,  only  throe 
metAUoide,  silicon,  carbon,  and  oxygen,  contribute  to  produce 
lh6  Ftuunhoftn'  lines,  and  tben*  contributtona  are  feeble  and 

'  ^tfrdpA-  /flKTfUToI,  iT.  p,  ai",  vol.  *i-  p.    128.     A  sBcond  trtplat  la  tlsn 
poMlblj  ftnvol,  but  it  u  \*m  obfiooft  than  tba  krat. 
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tragmentary^  That  other  similar  aiibstani^ea — BeK^rJtun,  sul- 
phur, uitrogeu,  argon,  and  thereHli — maj  be  there,  jet  eierciae 
jtd  peR^eptihlt;  abborptiirn,  m  amply  iHJBflibl& 

The  metals  themeelvea,  too,  differ  widetj  ae  regarJa  con- 
ilitioDfi  cf  viaibilitf.  Some  are  rich  iii  strong  lines,  favourably 
tiitaated  for  observation.  Iron  is  an  example*  It  BmitH 
thousands  of  niys,  widtly  distributed  over  the  Kpectrum,^ 
although  iQost  crowded  iu  its  higher  sections  i  and  they  hold 
their  own  vi^uroualy  ag^unaL  the  adverse  iufluGQceti  of  dilutiou. 
Again,  the  rare  metal  ccitum  is  extraordinarily  prolihc  of  blue 
wyB.  No  leae  thaa  400  ware  uieaaured  by  0.  Lobeo  in  1897 
IE  the  comparatively  narrow  region  between  X  4000  aiid 
X  4600.^  Moat  of  them,  jiowever,  ai^e  ijuite  feeble,  aud  only 
twenty-nine  ha\i!  yet  IjeeEi  identified  a»  Fraunhofer  lines, 
TboBe  of  bisDitith^  on  the  other  hand*  being  all  compound,  are 
too  diffii&c  (as  Rowland  observes)  to  be  detected  in  eunlight. 
And  most  of  the  radiations  of  lithium  are  bo  higldy  refrang- 
ible tLs  to  fall  under  the  ban  of  atmospheric  eift^'lueion.  Their 
leversitl  in  the  sokr  speetruio  ;uiei  thus  owly  ba  a  matter  of  iut'er- 
euee.  That  tlu^  inferenct^  should  be  negative  ih  Huggeisted  by 
the  abaence  of  a  strongly  eharacteriatio  line  in  the  carmine 
red.  It  ought  to  be  readily  seen,  if  lithium  be  a  ralar  con- 
fitituent-  ItB  visibility  should  be  promoted  by  the  sme-Il  atomie 
weight — only  seven  times  that  of  hydrogen — aud  low  fueiug- 
puiut  of  the  m[^ba) ;  and  the  j>eTiitaiteiice  of  the  carmine  beam 
id  actually  uhown  by  its  emei^'euc^  in  the  spectrum  of  the 
Bessemer  flame.  Yet  it  ia  unlikely  thut  lithium  ie,  iu  &ct» 
miaeing  from  the  aun.     The  caae  deserves  particular  atteution. 

Heavy  substances  are  obviously  at  a  diaadvantago  ae 
T^arda  the  production  of  nbaorptive  effects.  Their  ^'apours 
muflt  tend  to  lie  low,  lilre  carhonio  aeid  in  the  firth's  atmo^ 
Bphere.  Hence  the  average  lightness  of  the  solar  elements  ia 
only  what  we  aliould  espctt.  The  mean  atomic  wciglit  of  the 
thirty-hve  metals  represented  in  the  Fraunhofer  opectrum  is, 
in  fact,  just  12,  while  thai  of  the  non-apparent  metals  ia 
159,  Atomic  weight,  however,  is  only  oue  of  many  conditiouB 
affecting  thia  reault.  The  ineluaion  of  lead-abaorptiou  in  the 
scroll,  and  the  exclusion  from  it  of  litltiiuu^  suf&ciently  prove 
that  vapouT-deuaity  ia  far  from  being  alone  concerned. 

^  AttrejifsM  Joum*  toL  tL  }'.  101, 
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The  detection  of  earboa  in  the  gun  woe  difficult  and 
noteworthy,  Origmating  with  Sir  Nojtqhe  Loekyer  in  187S,' 
il  was  mtifittl  hy  Trowl^ridi^  aud  HuLchim*  in  lS8V*and  still 
more  decifiively  len  ye^rs  later  by  Rowland.  It  was.  ahlI 
oould  only  Iiave  been  made,  photographically.  The  visible 
landa  are  barely  diflcemible  in  the  Frannhofer 
\m.  Oiie^  howevtir,  in  thij  ultra-violet  (bepiining  at 
X  3SS3)  ccmee  out  ucniistabibly  on  sensitive  platen.  It  18 
due,  Hvcordiug  to  titi;  best  aitthoritieH,^  not  to  talent i.'ntEi-ry 
carbon,  but  to  CYauogen — that  is,  to  carbon  in  ita  coinbiiuitiou 
with  nitrogen*  The  fact  is  not  easy  to  explain.  No  other 
compound  body  ia  known  to  oxiBt  in  the  suti  ;  iLiid  it  luight 
have  be^D  JLidged  A  priori  impofiuiible  that  any  cuuld  prove 
ca|«b]e  of  resisting  the  enoraious  temperature  reigning  neflr 
the  photoHpliere.  Sir  NuriuHU  Loi;kyer  fLttemplcd  to  gut  rid 
of  the  anomaly  by  locating  the  absorbing  cyaiiugeu  in  coronal 
rogione,  where  relative  coolneea  must  prevail ;  hut  rocent 
ofageivationa  point  rather  to  ita  preaence  as  a  Bhallow,  deep- 
^ring  etraium.  It  ia  certain,  moreover,  t?iat  ilie  liue-spectrura 
derived  from  free  cariion  through  the  eiciting  inHuence  of  a 
powerful  electric  spjirk  htu^  u\t  couutt^rpart  in  the  sun.  We 
are  then  bound  to  admit,  at  Icnat  proviaionaUy,  that  the  ultra- 
violet eolar  band  genuinely  indicates  absorption  by  cyan^^en. 
There  ia  a  further  complication,  Tho  green  dutiu^'j  a  few 
$krais  of  which  were  measured  by  Rowland  umong  the 
Fr»uiihofer  lines,  makes  part  of  tlia  typical  hyi.lrn-carbou 
ipectmm  {^iveu  primarily  by  acetylene.  The  whole  Muliject  ia 
indeed  thick-aet  with  embarrassing  considerations :  they  need 
cnrcful  sifting  out.  Carbon  molecules  are  remarkably  cenaitive 
in  their  modes  of  vibration,  four  of  which  have  bet»n  separately 
difltingniflhed.'  The  conditions,  however,  prescribing  the 
r«phu«m(!TLt  of  one  by  another  are  still  in  large  iaeaaui« 
obscuiiL  Temperature  ia  concerned,  but  it  is  not  alone 
<X)nc«Fiied  ;  deneity,  admixture  with  foreign  aubstancee,  per- 
haps variations  of  electric;al  statOf  come  into  pUy^     Yet  the 


•  Amtricam  Jirvrn.  tf/  Se(*ti£e.  Tol.  xxut,  p,  313. 

'  E*p«r  Mtd  fUjD^,  Wied-  AnnaUny  Bd  xjuYiii,  p,  80;  Cnwuid  Bfteq^iiu, 
jMtnfiu  Jaitrn,  ral.  ii  p.  103. 
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WqaJ.  ceirtaiuty  hua  beeti  gained,  that  curbun.  In  one*  if  not  iit 
s«TeraI  of  its  manj  forme*  exiots  in  the  phctospheric  neigh- 
bourhood. And  tbia  has  an  imporCaut  bearings  not.  only 
upon  thcori^  of  the  solar  coastitution,  but  also  upon  ques- 
tions of  great  inteiwat  regarding  eolar  relationsbiFs  wjth 
the  stars. 

FrofesAor  Rowkud  disbulievea  in  a.ny  fundiimeiitaj  difTor- 
ence  between  solar  and  t^rreatriul  chemiatry.  The  earth, 
heated  to  the  solar  pitch,  would  give,  he  ^Lttirina,  a  epectrum 
virtunUy  identical  witli  that  of  the  eun.  Yet  we  cannot  well 
ignore  ev^idencee.  apparently  valid,  of  same  real  divereity. 
Even  if  all  our  '*  elements,"  wiLliout  exception,  are  found  in 
tti(^  Bun,  they  are  uolikely  to  ocour  in  Lbe  same  proportioDB 
there  aa  here;  giMtititative,  if  not  qu<ditativt  dlsaimilaritr 
must  be  recognised.  Thua  certain  metaJa,  so  ecarte  that 
their  oree  rauk  as  mineralc^ie&l  curiosities,  produce  marked 
effects  of  absorption  in  the  sun,  Xireonium,  yttrium,  cerium, 
Istnthanum  may  be  in^itanced.  Titanium  und  vanadium  are 
iiiultitudiiiGUr^ly  tepn^Liuted  in  the  solar  Bp(x:trum.  Haaael- 
berg  asceTtained  for  the  former  aubstance  in  1896  no  lese 
than  562  eoincideacefl  with  Fraunhofer  lines  out  of  a  total 
of  71 8  photoj^Taphed  by  him  Irom  the  metal.'  On  the  excluaion 
of  the  feebleat  rays  oo  bis  plates  as  beiny  of  ijuite  uncertain 
oriuiu,  the  perfi^ntago  of  agreement  ruse  Lo  88  per  ceut.  Tile 
Sweditih  npH^troacopist  might  well  claim  that  *'  the  presence 
of  titanium  in  Iho  aolar  atmosphere  is  eontirmcd,  with  even 
superfluous  ovidoace,  by  these  iuvestiyations." 

Vanadium— ^tiXBt  registered  as  a  solar  constituent  by  Sir 
Norman  Lockyer — mij^ht  he  called  the  witellite  of  titanium. 
Where  one  ia^  the  other  is  aure  to  be  not  far  oE  HaHaelbergs 
recent  discovery  of  vanadium  in  the  Scandinaviati  mineral 
nitile^ — a  form  of  titauic  acid — accentuates  the  relutionahip. 
Both  occur,  too,  although  very  scantily,  in  lead  and  iron  ores, 
and  ,juBt  trac&ably  in  trap  and  basalt.  This  close  aeaociation 
may  be  aecounted  for  by  inheTcnt  rrtsemblance  The  atomic 
weight  of  titaulum  ia  48,  bbat  of  vanadium  fi  1.  Both 
are  eminently  infusible.  Tbey  ah^re  the  lujusual  peculiarity 
of  exhibiting  a  strong  high 'temperature  alHnity  tor  nitrogen," 

'  Aalr'^'K  JouriL  to|  iv.  p,  232.  "  /fiirf,  nA,  v.  p.  ]B4. 

'  Alojeuii,  in  /Wr  Slecerique,  pp,  2C7>  261. 
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Tbcj  cjemplify,  inoreoverj  a  tranaitioa-atage  from  uietala  to 
KoetallaidB.  bitamum  fipproxim^tiag  to  miicon.  TfLUJidium  bn 
l^tMWphoTUfl.  BcUl,  it  may  ha  addod^  hava  been  detected  in 
ineteoril«s.  A  large  proportiou  of  the  DumeroLin  rays  emitted 
by  vanadium  are  reversed  in  the  sun.  but  Homewlmt  faintly 
reveraed*  except  in  taees  of  flpeciftl  disturliaUL'tf,  and  with 
XttmG  we  are  not  at  present  concerued.  It  ia  worth  retmirking 
that  titamiim  and  Tuaadium*  Dotwith^UndiGg  their  neiir 
kmahip^  phjmcal  and  cht^micol^  sltow  no  coincident  spectral 
ljii«ft  In  tho^  twin  elements,  if  in  unj,  a  cotumoii  material 
sobflLratDm  might  be  looked  for  There  in  not  the  slightest 
sign.  Iioweviir,  that  it  exists. 

The  nefT  metal  germanium  is  an  obvioua  eolar  constituent ; 
jet  it  onlj  Iwrk^  in  one  uncommon  terreetrial  product. 
Winkler  recognised  it  in  the  mineral  ar^'yrodite  in  1886. 
And  the  aun  appears  to  be  much  richer  than  the  earth  in 
Sir  William  Crockes's  "  meta-f:lemeutj;/' '  The  number  of  these 
IS  almost  iudefiaite  ;  bheir  individualisatioit,  reatiug  upon  the 
diibiouA  principle,  "one  bnnd,  one  element/'  if  often  imperfeoL 
Of  mi^e^ing;  and  many  of  the  evaoive  mibetanoes,  ranked 
for  a  time  aa  ^parate  entities,  have  failed  to  raakc  good  their 
footing,  and  rekjjsed  into  the  condition  of  "  suh -aggregates  of 
atomii/'  The  cliemiatry  of  "rare  earths"  haH  of  lat4^  juiHuin«d 
A  kind  of  department^tl  importaiiee^  It  bpgFui  in  17^4  with 
the  extraction  by  llio  Finnish  chemist  Gadolin  of  "  jttria  " 
&iom  a  jet-black  material  picked  up  at  Ybterby,  near  Stock- 
boln.  "  Ceria/"  detected  in  1803  in  the  ''heavy  stone  "  from 
Bmniii,  was  named  after  the  first  asteroid ;  "  lanthuna, " 
obmurely  aaaoci^ted  with  it,  came  to  light  in  1839  ;  "  didynua/' 
""  faerbia/'  "  erbia,"  HUcceaaively  followed.^  The  opening,  in 
1878>  of  a  freah  and  fairly  abundant  source  of  anpply  in  the 
American  mineral  samaraldte  started  vigoroue  inquiries  into 
the  nature  of  these  remarkable  bodies;  and  Cleve  enumerated 
in  1^95  niuG  fully  churacterised  maiallic  bases,  moat  of  them 
emitting,  under  electrical  excitation,  a  lirillienL  array  of 
spectral  beamft.  The  nine  "  rare "  metula  are  acandium, 
yttrium,  lanthanum,  cerium,  erbium,  pmscodymium.  flamarium. 
gadoliotum,  and   ytterbium.     The   first  four  aheoib  fitrongly 

^  Jaumat  Cft^miarJ  Sodelst  ^BB7,  tqI  I'^-  p^  3B4 

'-'  CltfTd,  Tr*nM.  Ch^t-  :Societ^^  lASfi,  p.  470. 
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in  tbe  sua.  where  the  preunce  of  eihiuin  and  of  tieodTimuDi, 
a  constituent  of  the  ongioal  didTmium,  U  aleo  evident. 
Twenty-two  additional  mela -elemeotfl  awell  Sir  Wiliiam 
Crookes'e  "  eiiapensp  account "  but  only  a  miDoritj'  are  al 
all  Likely  to  obtain  ultimate  recognition  ae  eubBtantive  forma 
of  matter.  Perhapa  the  Mureat  teat  of  llieir  quality  will  he 
ftmnd  iu  the  appearance  among  the  Fmunhofer  lines  of  their 
characberiatic  enUfisiona.  Tbo»!.  at  a.ny  rat<&,  of  terbium, 
hobnium,  and  thuhuju  should  bo  carefully  looked  for. 

The  lij^^ht  of  glowLng  metallic  vapours  tends,  as  we  have 
seen,  to  suppress  or  efface  the  raya  of  non-metala  FrofessoF 
Trowbridj^  made  Eome  ei[jGrimBnte  in  1896  with  a  view  to 
dabermiuing  the  conditiona  of  obliteiation.  Fhott^aphing 
on  a  ningle  plabe  the  spectra  of  pure  carbon  and  of  an  electric- 
arc  between  earbona  coutaiiting  28  per  cent  of  iron,  he  found 
that  the  iron  iaRredient  aufticed  very  nearly  to  wipe  out  tho 
carbon  bands  iu  the  arc..'  "  This  proportion,  therefore,  of  iron," 
he  remarked/  "in  the  atmosphere  [>f  the  anu,  were  there  no 
other  vapoura  of  metala  present,  would  ha  auQacient  to  prevent 
our  fleeing  the  full  specbrnta  of  carbon/'  An  interesting 
iliuatratiou  was  thua  afforded  of  a  fnndamontol  principle  in 
solar  intcrpretaticna,  Tbe  principle,  indeed,  has  Bcarcely  yet 
begun  to  be  applied.  Hitherto  the  ahaorptive  effects  of  each 
of  the  forty  HuhHtaiicea  vaporised  above  tbe  photoHphsre  have 
been  considered  apart.  But  they  are  not  independently  pro- 
duced.  Tticy  aro  often  profoundly  modified  by  extraneouB 
action.  A  systematic  investigation  of  the  variouB  modes  in 
which  it  comee  inlo  play  is  desirable,  although  likely  to  prove 
arduous.  "There  b  at  the  present  tirae/'  Dr. Ames  wrote  in 
1893,*  "  no  more  fruitful  field  o[>ea  to  reaearch  thun  that  of 
the  study  of  the  influence  of  the  presence  of  one  anbatance 
upon  the  spectrum  of  another"  And  Mr.  Percival  Lewifi'a 
recent  treatment  of  the  subject  baa  had  tbe  preliminary  result 
of  showing  that  "  very  small  traces  of  an  impurity  in  a  gas 
may  cause  conaiderable  changes  in  its  spectrum,  whether  this 
impurity  be  chemically  atitive  or  not"'      Tlie  chanyea,  too, 


'  Aftur.  Jouth,  o/Scinia.  vol,  i.  p-  331.  4tli  serlei. 

■  AiCnpfL  ^TiHtm.  toL  i.  j).  8fl. 

*  iWd,  vol.  su  p,  Ifll. 
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Are  in  many  waye  perplexiDg.  They  are  governed  by  no  trace- 
able rolee,  depending  apparently^  in  each  case,  upon  intimate, 
and  to  na  unknown,  molecular  relatione  with  electricity.^  The 
expUnatioQ  of  their  anomalies  lb  evidently  needed  for  the 
ntis^Coiy  future  progresa  of  solar  chemistry. 

■  B.  A.  PortflT.  ^Mlropk.  Journ.  toL  iv.  p.  281. 
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^EcrriiURtTnts  of  toz  solaa  spictsiw. 


The  solar  spactrum  ia  daneely  tlnunged  with  miidentifiecl  liiiie^ 
Of  these  upwards  of  twelve  thousanil  have  been  ineftBui-ed  and 
registered,  but  liick  chemic^al  interpretution.  They  are,  how- 
ever, on  the  VFoj-  to  receive  it  Their  recoguition  will  doubt- 
less attend  the  graJiml  progress  of  acquaintance  with  metallic 
fipeutrii.  TYiMn  t^rtuni,  EK^aodium,  and  other  htioen  of  "  mre 
eftrthd"  may  satis fattorily  accouDt  for  a  connidenihle  propor- 
tion of  them,  theae  subatancoa  emitting  crxiwda  of  rays,  as  yet 
ouly  in  part  i-ccotdcd.  But  besidea,  o&y,  twelve  thoufiand 
catalogued  "  unknown  "  lines,  an  inestimable  number  remain 
imnoticed^  They  an?  stilly  as  it  were,  '•  in  th<i  street  " ;  they 
have  not  been  admitted  even  fco  the  aijtecbamber  of  scienoe; 
the  preliminary  sLepa  to  their  ideutilicatiuii  huve  not  been  taken. 
They  will  of  course  be  taken  in  due  time,  little  by  little,  as  the 
photography  of  the  Fraunhofer  spectrum  ie  brought  nearer 
to  perfection;  and  to  many  of  them  chemical  meanings  full 
of  iatereat  will  certainly  be  assigned.  Nevertheless^  it  can 
scarcely  \iQ  expected  that  the  siguiftcance  of  all  can  ever  be 
made  plain.  To  the  very  end,  probably,  a  reaiduum  wlU  keep 
the  secret  of  aa  origin  due  to  forms  or  couditiona  of  raatter 
Btrange  to  terrestrial  ospcrience. 

That  the  t^jpe  of  tho  sun's  spectrum  beccmee  modified  in 
the  courst*  of  ages — that  it  has  been,  and  will  again  be 
different  &om  what  it  now  ia — may  be  adniitted  without 
beeitatiou^  But  this  evolutionary  change  is  effected  impor- 
ceptibly  at  more  than  millennial  kiaure.  It  might,  however, 
have  been  expected  that  transient  alterations  would  manifeat 

'  Fovler,  Sjujuflcdfft,  tol.  XJiiii.  |l  11. 
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lh«ffiuelves — alterationn  caused  by  tumultuous  movemente  tu 
the  ''reTeraiiig  layer,"  or  cotmectcd,  poseibly,  with  periodical 
<mtbr«alu  of  spoti  iuid  protTiini!tice&  Tet  Almost  nona 
of  this  de£uite  and  obvious  cLaracter  have  been  noticed. 
OdJj'  a  Few  Hues  mny  be  eet  down  as  somewhat  vaguely  and 
iiMleierminatelj  variabb,  To  take  a  few  examples,  la  ISOl 
Father  Sidgreavefi  of  Stonyhunt  obtained  several  photo^^ptis 
of  the  group  b  (m&gDceium  and  Iron)  in  the  green  part  of  the 
spectmrn.  They  Hhowed  with  exctiUont  definition  more  faiut 
Uitffi  Lhau  arc  cootaioed  lu  Bowlacd'a  or  Tliollon'e  maps ;  yet 
one  relatively  stroDg  in  them — ''Winlock's  No.  1 7  " — wne  barely 
dvoemible/  This  indication  of  change  does  nob  seem  to  have 
been  fbllots-ed  up.  Again,  Sir  Nonnan  Loekyer  noted  in  1S73 
the  disappea^rance  of  a  sdno  line  in  the  red  (Angstrom 
\  6361  1  6),  which,  oeverthelese,  wrh  seen  a**  usual  in  1878, 
and  haa  uob  aiuc«  beeu  nue&tid.'  The  most  recent  in- 
ftence  of  the  kind  was  vouched  for  from  Bnltiniore.  To  a  faint. 
flUghtlj  nL'huIou£  line  of  unknown  origin  in  the  ultta-violet 
(X37l9-"9(jj  IfowLiDd  Jittaclied  the  note/' Variable,  though 
uot  AtmoHpheric^"  Jewell  '  deecribea  it  us  situated  within  the 
shading  of  a  Birong  iron  line,  and  aH  "quite  iliwtint^t  upon 
nonie  platen,  wljile  not  viaible  U|m]u  others  ehowing  lines  closer 
lo  the  iron  line,  and  much  weaker  than  the  variable  line"  ao 
it  origmaUy  appeared  It  hoe  al3o  been  photographed  in  an 
intermodiate  condition,  so  that  ita  fiuetuatlonfi  of  intensity 
may  be  sidd  to  W  ascertained,  although  their  law  and  cause 
rvntain  wholly  obscur?.  The  only  hojn*  of  leiirniug  anything 
aboui  tb»»t*  is  by  continuous  aud  minute  observation^  winch 
ahould  extend  to  other  suspicious  caaea  of  the  same  kind. 
Oertain  tntercating  questione  might  thus  be  answered,  For 
iiistAnce,  are  the  alleged  altenition?  cou.P€Cted  ufTects  of  some 
gent^ral  diaturbance,  cr  do  they  occur  sporadic&lly,  each  on  its 
own  acxxHiQt  ?  Can  they,  in  any  way,  be  brought  into  relation 
with  the  spot  cycle?  Are  they  viaible  in  liglit  taken  indie- 
cnminately  fnmi  all  parbB  of  the  sun,  or  aro  they  confined  to 
special  localities  f  These  may  serve  uh  speeim^^ns  of  tho 
ioquiriea  suggested  by  phenomena,  perhaps  none  the  less 
Eignificant  for  b^^ing  inconapicuoua.      With    the    cunLera    at 

*  Xtirapk.  Joitrn.  vot.  iu.  (k  104. 
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hand  the  task  of  d&ily  compjiriBon  becomes  easy  and  simple. 
As  Frofeaaor  Hale  wrote  in  1896/  "Every  photograph  of 
tbc  fiolar  spnctrum  ttLken  with  high  ilispf^raion  must  now  be 
regarded  as  w  documeot  of  great  vaLue^  which  may  ultimately 
reve^d  iritiguiar  or  periodic  cbaogea  lu  the  condition  of  the 
gases  and  vapoura  of  the  solar  atmoapherG." 

The  Frauuhofar  lines  have  of  late  forfeited  their  early 
reputation  as  "eonstantfi  of  iiii.ture.'*  They  are  aot  really 
"fixed";  thtiir  poHitionrt  in  the  flpectruoi  iire  affected  by 
seTeral  minutely  modifying  caufles,  and  they  cannot,  accord- 
ingly, be  depended  upon  tiQ  stimdards  for  the  moet  refined 
meiiEuremonta.  It  is  true  that  only  the  extreme  accuracy  of 
modern  naethoda  has  caused  them  to  "  atep  down"  from  the 
high  level  of  invariability,  for  their  deviatioas  are  veij  small, 
and  might,  superfi*;i filly  regttrded,  appear  negligible.  They 
are  of  two  kinds,  phyBicaL  and  kinematical,  the  former  being 
produced  in  the  very  act  of  emiBdion,  the  lutter  in  the  courao 
of  transmiEeion.  FreBsure-dinplacamente  and  motion -displace- 
ments are,  in  fact,  respectively  eoncerned. 

Symptoma  of  a  pernistent  shift  of  the  Fraunhofer  lines 
towardn  the  red  were  firHt  detected  in  ISflO  by  Prnfewor 
Lewis  E,  Jewell  of  the  Johns  Hopkins  Univemity.  Persiabent, 
although  unequal  It  ia  not  the  same  for  the  lined  of  diBerent 
elements :  it  is  not  even  the  same  for  jlU  the  lines  of  tho 
same  element  Motion,  then,  is  not  it.^  cause.  Fortunately, 
a  chiB  was  supplied  by  laboi-atoiy-eipeiimeuta  Attentive 
study  of  the  behaviour  of  metallic  lines  under  varyiug  ccindi- 
tiona  showed  that  "  mth  an  increase  in  the  amount  of 
material  in  tho  arc  there  wae  increasing  dieplacoment  towards 
the  red."  "  Coiiaidering  the  subject  cjtrefuUyf*'  Professor 
Jewell  adds,  '*  there  seemed  no  reason  to  doubt  that  the  wave* 
length  of  a  line  depended,  to  u  certain  extent,  upon  tbe 
conditions  under  which  the  material  pi-oducing  the  line  was 
present  in  the  electric  arc,  the  vacuum  tube,  or  the  solar 
atmosphere;  or,  in  other  words,  the  vibration  period  of  an 
atom  dependa  to  some  extent  upon  its  environment.  An 
increase  of  tbe  density  of  tbe  material,  and  presumably  an 
increase  of  pressuti^,  seemed  to  produce  a  damping  effect  upon 
the  Vibration  period."^      Oonfinnatory  results  were  obtained 

'  Aatropli.  Jaam.  toI.  iii.  p.  Ifi7.  ^  fHil  pp.  ^2,  9ii. 
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by  UesKTS.  HumplireyB  and  MolJei,'  and  the  assuoiption  of 
ft  cODntant  TibratioD-frequeucj  as  an  essentiftl  ultributa  of  the 
ultiiDatc  particles  of  matter  hod  to  be  finaUy  abiuidoDed. 

The  observed  changes  are  clearly  diatinguiahable  from 
fmlinAry  temperature  effects.  Lines  are  often  broadened ; 
und«r  peculkr  circmnBtancee  they  may  be  unBymmetrically 
broadened  by  thenjiat  influerjcefij  but  simple  diaplacementa 
«re  never  due  to  heat.  Moreover,  they  can  be  produced 
«nilicwlly  by  cwndenaing  the  air  about  an  electric  ai-c,  fio 
that  their  immediflte  cause  is  not  doubtful.  "  It  was  often 
CBsy,"*  according  to  the  Baltimore  inveati gators,  "  to  observe  a 
lint'  gradually  change  its  position  while  the  preasure  waa 
being  1st  ofl'  without  altenttion  in  width  or  other  appear- 
ance." 

The  ^Dcral  upshot  of  their  inquiries'  waa  to  ahow  that 
the  spectral  ohiftfi  m  qacrstioa,  Cor  from  being  an  isolated 
phenomenon,  stand  in  dose  relationship  to  all  the  moat 
intimate  properties  of  matter.  Their  amount,  €r>'.Uris  paHh^if, 
19  proportioaal  to  the  preasnre  and  to  the  wave-lengths  of  the 
shifted  Lines.  It  differs,  howcTer*  for  each  aeries  in  a  giyen 
spectrnm.  For  different  suhatancee  it  \s  uaually  large  or 
8m&ll  in  the  iavetse  ratio  of  the  absolute  temperatures  of 
their  melting  -  points.  Again,  it  is  largest  for  those  aub- 
atAncea  which  expand  moat  readily  with  heat.  Finally,  and 
most  significantly,  line  disphicemeut-s  are,  in  the  same  group 
of  elements,  proportional  to  the  cube  roots  of  their  atomic 
wetgbtfi.  Or,  as  Mr.  Humphreys  eipreeaea  it,  "  The  ahift  of 
dnkilar  lines  le  a  ponodio  function  of  atomic  weight,  and 
coiuequently  may  be  compared  with  any  other  property  of 
the  eJeimeute  which  itself  is  a  periodic  function  of  their 
aUiniic  weights" — that  is  to  say,  the  meaaiired  diBplacemeuts 
«how  recurring  maxima  and  minima  iu  passing  hova  one  to 
the  next  of  Mendel^cfe  elemental  families.  Their  gradatione 
thus  correspond  with  those  of  other  physical  attributes  of 
mftteml  apecies,  and  plainly  imply  that  the  retarded  vibrations 
are  executed  by  "ultimate"  atoms.  The  coufimiatorj  fact 
ibould  1k!  noted  that  band^Apectra,  universally  associated  with 
li^gregates    of    atoms,  display   no    eensitivenese    to    pressure. 

*  Attn^  JoHTn.  Toh.  iii.  p.  111*  ir.  p.  L7£,  vi.  p>  16P. 
^  Hui.  vul.  vi.  \h  ££ff. 
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And  by  pressure  in  thie  conn^tion  is  to  be  understood,  not 
the  evparate  density  oF  the  vapour  emitting  the  damped  nja, 
but  tlie  ttti'dl  jjrPHMiirt  nf  all  the  sulistaiicfifl  promtsfiuoualj 
diffused  throughout  the  stratum  or  eocloeure. 

Ita  complex  efFeota  add,  in  eome  teepeots,  to  the  difficulty 
of  intei-proliiig  speelrtil  appearancOR ;  but  they  lend  to  them^ 
on  the  other  baud,  new  aniJ  unlooked-for  sigalBcacce^  In 
Bolar  inquiries  more  juLrticularly,  they  have  tttarted  a  &esh 
load,  sure  to  Iw  followed  jji.  ThuH  iiidicutiooH  oay  be 
g&thOFod  &om  them  ofi  to  the  i^ntive  ultitudea  in  the  snn'e 
atmoaphero  at  whiiJi  diiTereot  t>aunhofer  lines  originate,  no 
lose  thjin  as  Lo  the  flbsoluto  prOBemos  to  which  they  correspond. 
These  ^re  lower  than  might  have  heeu  anticipated.  They 
range,  aecording  to  Professor  Jewell,  "from  little  more  than 
Kero  lo  only  two  or  three  atmospherpn,  though  the  nhading  of 
the  etronger  lines  may  he  pro(iuced  at  a  greater  preasure/'' 
Tha  subject,  however,  haa  not  got  beyond  the  Btdge  of  inception. 
Ooe  important  branch  of  it,  th&  diacriniination  of  lines  belong- 
ing to  the  same  eeriea,  is  bar&ly  sketched.  The  phenomena  of 
iliapLicenie[it  through  pre&8ure  evidently  involve  much  more 
than  IB  yet  ap]>Rrent,  Tliey  iiiUMt  he  prBsent  in  slais  and 
nebulic,  and  may  afford  curiaue  discluflurea  regarding  their 
etntoa  of  density  and  rarity- 

The  Fraiinbofcr  lines  ai^,  as  a  rulCj  narrow  and  eharp ;  but 
minute  phol^rapliio  study  repeals,  in  a  certain  proportion  of 
them,  singular  complexitieB  of  atructursL  Thene  are  illustrated 
from  Profeaaor  Jewell'a  ohaervations  in  Fig.  4.  which  fihowe 
graphically,  by  four  tyiiical  exjwnplea,  the  comparative  diatribn- 
tion  of  light  in  oor responding  whtrand  arc  linoE. 

Nol  i.,  a  green  ray  of  iron,  is  bordered  iu  the  sun  (where 
it  is  of  course  reversed)  by  a  iilmy  illiunination,  "  the  remains 
of  an  emiHsioiJ  line,  either  produced  at  the  photoBphere,  or 
lower  down  in  the  solar  atmoaphere  than  the  abeorption  line.*^ ' 
The  notch  ot  tho  amnmit  of  tbe  same  line  givea  evidence  of 
radiation  at  a  high  level.  It  ia^  in  fact,  an  ahortivs  bright 
iron  line,  superposed  upon  a  atrony  absorption  line,  itself 
auperposed  upon  a  faint  effusion  of  light  of  identical  quality 
from  underlying  vapour.  Thus  thiB  fsiugla  line  is  built 
in    three    stages,    although    the    foundation    and    coping    are 

'  Asfffph.  Jovm.  vol  xL  p.  340.  <  Tttid.  ral  HL  p.  IW>, 
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hanly  difloeruible  as  Lnicca  of  lumiuoaity.  In  Nos.  ii  and 
iiL,  "ahsded  Unea  "  are  deiikUnl  In  tha  same  ia»niiKr  as  lh« 
"  sharp  line  "  in  No.  L  Thej  belong  reapectiTely  to  iron  atiii 
nkagiLMium  [X  &183  8  =  &,)>  Their  eburucteriatic  fcAturo  ta 
the  outlyiiij^  obecurity,  which  deepens  from  tbc  edges  towards 
the  central  fthafl.      ProfePsor  Jewt^ll  remarks  that  tbo  gas  pro- 
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dYuing  th<i«  shadings  "  extends  through  a  much  greater  rango 
of  preeaure"  Lh^n  that  ^ivin^  ilae  Ui  the  green  iron  luie  (Na  L), 
witite  the  clean-cut  line  iu  the  oiiddJie  must  be  due  to  ab- 
Borption  '^much  higher  up  in  the  Rolar  atmosphere,  where  the 
prttHure  is  very  much  lesa"  Similar  ippcatuncea  ^tc  conspieu- 
0<ia  in  the  great  calcium  pair  H  and  £  (aee  Fig.  4,  Na  iv.). 
Hctm  the  abnormal  breadth  of  their  wtng-ljlce  upp^udages  prove? 
thftb  the  "absorption  niu^L  pf^rtiist  through  &n  extreme  range  of 
pTenuns,  or  that  the  amount  of  curium  gaa  varies  enormouht/ 
in  the  solar  atmo^pbcre  where  this  abGorptiou  is  produced.^^ 
TbcoG  hum  ore  obvioualy  twice  reversed.  A  ebratura  nf 
radiative  calcium  is  apparently  intcxposed,  in  the  sun 'a 
oeighbcurhood,  betwe^D  two  nb^rptive  strata  of  the  sanio 
m&teriaL  That  their  arrarigeinent  is.  however,  subject  to  some 
bud  of  didturbence  ia  indicated  by  the  irregularity  of  the 
diagntm ;  nor  b  it  always  diaturbetl  to  the  Bame  extent. 
"  Upon  some  platen/'  Professor  Jewell  BayB^  "  the  eentxal 
ahac^tion  line  is  almost  symmetrical  xvitb  respect  to  thi^ 
^noiviun  line,  while  upon  other  platen  its  unbym metrical 
charanter  is  very  marked,  the  central   line   being  displaced 
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considerably  towards  the  red,  and  the  part,  of  the  emifiuon 
line  on  the  viijlet  side  of  the  certral  line  being  much  the 
Btrongeat"  Motion-dJapIacemeDts  due  to  ascending  aod  de- 
^Boending  currents  are  thought  to  be  iu  queetion,'   but  there 

obBtacloa  to  be  removed  before  this  explauatiorj  can  be 
unreservedly  accepted.  The  extreme  difference  of  velocity 
Huggebted  bj  the  obHerveil  difiaymmeLry  of  tha  calciuiD  liiiea 
amouuts  to  no  more  thnn  75  miles  a  miimte,  but  jfi  notttlily 
variable.  All  the  "shaded  Unefi"  in  tbe  spectmm  appear  to 
be  aimilarly  aflccted.  though  id  a  minor  di^ree.  Tbua  tbe 
descending  motion  correBponding  to  the  narrow  ceatrul  com- 
ponentB  of  the  sodium  "  T)  '*  are  at  tbe  rate  of  barely  one-fiftb 
of  a  mile  per  fiet^nd.  Motit  of  the  fainter  lines,  on  the 
contrary,  indiuLte  aaceodiiig  curreuta  uver  tbe  solar  surface 
at  an  average  apeed  of  about  a  third  of  a  mile  a  second* 
Motion -displacementB,  beaidea,  due  to  the  earth's  rotation  and 
the  dcceatricity  of  its  orbit,  can  be  datactedj  and  have  been 
allowed  for.  These  latter  minute  coirectiona  naturally  apply 
to  all  tht?  8olar  lines  wiiliouEn  diatinctioc. 

Enough  has  been  said  to  give  an  idea  of  the  manifold 
confide  ration  a  which  have  to  be  taken  into  account  in  eati- 
matiog  the  trife  wave-lengtha  of  the  Bolar  absorption  rays, 
They  are  changed,  according  to  a  special  and  compler  Law, 
by  the  suq's  rotation;  they  are  changed  by  the  movementfi 
of  approach  or  recession  of  the  earth  as  a  wliole,  as  well  as 
of  each  particnlar  spot  on  the  earth ;  they  undergo  alteration 
through  the  aolar  atmospheric  circulation  \  they  are  aSected 
by  pressure^  perhaps  by  other  undetected  inflnencea,  and 
each  of  these  modifying  eauseB  acts  variably,  either  in  time, 
or  according  to  locality  on  tbe  solar  surface.  Happily,  meet 
of  them  act  only  to  an  inliuitesimal  extent ;  but  their 
imqneatioDable,  although  alight  effectiveneas  illuBtrates  very 
atrikingly  the  subtlety  which  every  increase  in  accuracy 
necee&itfltoa  in  the  methods  of  science. 

An  embarrassing  peculiarity  of  the  Fraunbofer  lines  is 
their  virtually  uniferm  intei^sity  all  over  the  sun'adisc.  Just 
as  the  telluric  bands  develop  with  the  sinking  of  the  sun, 
they    ought    to    become    strengthened    near    the    limb ;    yet 


*  AMrepK.  Jouni.  tdL  iii.  pp,  103.  103  [Jo¥r6ll^»  p,  169  (Hib). 
"  JbwqIV  AMroph.  Jvum.  tuL  u.  p,  230. 
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laJD  aensiblj-  the  finuK,  not withatii ruling  the  greatly 
lied  deplib  of  the  absorbing  slrnLit  traversed  by  the 
light  before  reacbing  the  eye.  This  ia  really  e  glaring 
anom^y,  and  one  nlmost  forgotten  through  sheet  hopelesenew 
of  gtttiug  rid  of  it- 

In  coucluding  this  brief  chapter  we  wouIlI  once  more 
draw  4tteritdon  to  the  curioos  individualities  of  the  Kraun- 
hofi-r  lines.  They  are  conHtnictett,  in  many  casea,  at  fluct^Baaire 
leTcIa  ;  they  are  modified  by  rarious  infiuenoes.  Some  are  of 
haiT'Iike  fiDonoss ;  olbers,  omaoating  from  an  identical  8ub- 
etanco,  have  nebiUoua  edgee.  Moreover,  the  sliorp  and  tbe 
<lijriee  Unee  respond  diff^^rently  to  preBBure,  so  that  their 
chvwiterislic  aspeets  are  significant  of  profound  distinctions 
in  their  mode  of  origin.  The  more  closely,  in  f&et,  these 
mysl^rioufi  rulings  are  examined,  the  leee  trivial  or  caaual 
tfa«ir  slightest  diversities  appear.  They  are  charged  with 
loeaning,  trojificending,  in  part,  our  actual  powers  of  interpreta- 
tion, but  challenging  efforts  towards  that  end,  which  cannot 
fail  to  breach,  if  they  do  not  wholly  raze,  the  ramparts  of 
ignoranca 


CHAPTER   rv. 

THE    EEVRRSIKC;    LAYEB. 

During  the  ucUpee  of  2'2ad  December  1870  a  new  pheno- 
menon came  into  view,  I^ofcsaor  Young  of  Princeton. 
Xiiw  Jersey,  was  the  forlunjite  obeerver.  With  the  alit  of 
luB  fipoctroacope  brngt^utial  to  the  son's  limb  und  perpendieuiar 
to  the  moon's  ^idvance,  he  awaited  tb^  momeut  of  aeecHid 
contact*  Tlie  tblu  hoIaf  ereseeot  uairowi^  aet^oud  hy  eecond; 
at  last  it  vanished;  then  "all  at  ouce,  as  eaddenly  bb  a 
burat^ing  rocket  ahoots  out  its  Btara/*  the  ordinajy  Praiinhofer 
specCnim  previouslj  visible  waa  replaced  by  a  eerried  array  of 
bright  liueB  on  a  dark  1>ackgrouud.  They  si>«med  a  eomplete 
reversal  af  the  familiar  aliHarption-rajK,  and  tbe  impreRaion 
was  also  oouveyed  ta  Mr.  Vy^.,  a  member  of  the  same  party,  of 
*'  all  the  ilark  liaee  being  converted  into  bright  onea."*  The 
"  tiaeh  "  at  the  edge  of  the  eelipsed  aim  woe  not  uclooked  for, 
Sometliing  of  the  kind  had  been  anUeipated  as  the  due 
aeeempanimeiil  of  the  beginning  and  end  of  totality.  For 
KirdihufTa  expkuatiou  of  the  Fraunhofer  liuee  implied  the 
interposition^  between  the  eye  and  the  aim,  of  a  screen  of 
glowing  vapours,  wbioh  Bhoi;ld  be  separately,  if  oaly  inatant- 
aneoualy,  visible  on  tbe  withdrawal  of  djiyligbt  glare — visible, 
that  IB  to  say,  spectroscopieaUy ;  with  the  telescope  nothing 
more  distinctive  than  a  silvery  shimmer^  eorrespoDde  to  tbe 
dazzling  variotinted  fireworkK  diHcIuwd  by  the  prism. 

But  their  disclosure  waa  not  enough  ;  they  demanded 
eloee  iaveetigation.  The  queation  is  fundamcatal  in  solar 
physical  theory  whether  the  Hash  is  the  true  revereal  of  the 

^  Xtmoin  Rffjpii  Aatr.  Scdety^  vol  xli,  pp^  339,  134  (HoiiTud)- 

^  nnd.  p.  lis- 
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FnuDhofoT    epeutrum,    *ind    tio    oonclueive    answer   could    be 
given  to  it  except  by  pbotogrupbic  means,  visual  reportfl  ufi  to 
the    details    of  ho    intricate    and    evanescent    an    apparition 
ootmtJD};   for  very  HtLle,      Twenlj-eix   yeare,  howevei",  elajjaed 
befiote   a  permanent    record    of  it  vaa  secured     The  refniH 
QnsBcd  iiDm  a  ektlfollj-timcd  Bna^^ahob  by  Mr.  Shackleton  at 
Novfliya   Zemlya  during   the    Arctic    eclipse    of    9th   AugriBl 
1896.      He    gave   an    expoeure    of    half  r    second    with    a 
■'  prinniatic  camera  " — a  simple  fnrm  of  spectrograph,  deatitutt 
both  uf  blit  and  collimatiug  let^^,  Iht;  i^mptoyuifint  rit   wbi^'h  in 
edipec  work  baa  been  vigorously  promoted   by  Sir  Norman 
Lockyer.      An  impresaion  n'&.s  thus  oaught  of  singular  interest 
imd  vijiue.     We  may  quote  Professor  VoLing'a  description  of 
it.     *■  The  photograph,"  he  writes/  "shows  a  long  range  oi' 
tteveral    hundred   brigbr.    curved    imager,  of  which    there  apt' 
nearly  250  In  the  blue  portiou  of  lIlk  spectrum  between  F 
and  H.      About  25  are  much  mete  eKtenaive  and  conepicuons 
ihaa    the  otbera,  and    arc  images  cf   the  chromosphere  and 
promineLicetf,       They  are  due   to    hydrogen,  calcium,  helium, 
AfrmtiuQi,  and  one  or  two  other  elements  which  often  appear 
in  the  chroraoaphere.     Thn  rest   tire  simpTy  reveranh  of  the 
Ftsuuhofer  ILui^,  ari  Mr.  Shucklctun  hua  kIlowh   by  developing 
Uw  flash  spectrum  into  a  bright-Uue  npectrum  of  the  u^ual 
form    (which   is  easily    done    by  a   simple    mechanical    con- 
trivance), and  compsring  it  with  an  ordinary  durk-linc  solai' 
tpectnim  photographed  with  the  Bnine  camera  and  prisms,  bat 
with  the  addiLioa  of  a  collimator  tiud   iJit,      The  agreement  is 
pr^kcLically  complete,  although  there  are  two  or  three  fiornewbat 
cooopicuoufl  Fraunhofer  Uucb  wliicli  ore  missing  in    the  flash 
spectrum,  probably    because    thoy    origiuate,   not    above    the 
iiurfaee  of  the  photosphere,  but  in  its  depths,  as  probably  also 
do  the  wide,  hazy  shadings    that  accompany  tbe  H  and  K 
licfli   and    some    others,    but    tlii»  is  a   matter  for    further 
inTeatigabiDn" 

Tbe  solitary  diiccess  of  1896  was  manifolded  a  year  and 
a  half  later.  "  Bcvcmug -layar"  photogiupby  stood  in  tbe 
forefront  of  the  pro^mme  of  work  for  the  Indian  eclipse  <^ 
22nd  January  1898,  and  cbe  documents  collected  during  its 
himdred  secondH  of  obscurity  showed  that  a  complete  mastery 
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of  the  art  bad  beeu  attained.  Sir  Noiman  Lockjer  and  Mr. 
Fowler.  Captain  Hills,  Mr.  Everehed.  aud  Pwfeaaor  Naegani- 
valo  BOcvirod  photographs  of  tho  Hash;  not  only  in  ite  full 
development,  but  also  when  incipient  and  vanisliiug,  ao  that 
th^  phi^Eiomenou  could  be  Lraced  ut  Jeif^ure  throughout  its  brief 
phases.  Two  Bpecimeus  are  reproduced  in  Pla^e  III.,  Ixjth  Uikeo 
instantaueo^y  by  Mr.  Everahed  with  &  prifimatic  camera  of 
21  inohefl  aperture  and  36  inches  focuB. 

The  conventional  etroigbt  appearance  of  the  Unee  results 
frora  the  employments  of  a  cylindrical  lens  lo  give  Ijreadth  to 
uarrow  fhcps  of  the  rurvilmertr  originals.  Thu  upper  section 
represents  the  fli>ectrmii  of  the  Uht  thread  of  auulight  jiibt  aii 
the  accustomed  dark  lioes  were  fading  out  before  the  incoming 
of  their  bright  correlatives.  The  range  ia  from  below  H  and 
K— the  strong  puir  to  the  left  — lo  \  3350  in  tie  ultra- 
violet^ The  lower  section  corresponds  to  a  moment  twenty 
Heconda  later,  when  tlie  i^utinuous  light  wm  goue,  and  vivid 
rays  dominated  the  field.  Amid  the  throng,  twenty-seven 
members  of  the  hydrogen  series  are  recognisable,  and  three 
titanium  liuea  lival  tht;m  in  Loiportaoce. 

Ample  materialB  were  provided  during  the  oelipseB  of  1 898, 
1900,  and  1901  for  at  least  a  preTiruinary  discuHflion  us  to  the 
true  chjtrjuiter  of  trhe  reversing  layer,  although  the  diffieuities 
still  reoiaiuiug  to  bi;  encountered  are  neither  few  nor  trivial. 

To  begin  with,  the  fact  haa  been  ascertained  that  a  shell 
of  mixed  in^andeet^ent  vapours,  tive  or  si^  huudrod  miles  thickn 
encloses  the  photoepliere  on  every  sida  We  see  it,  however,  in 
projection.  The  line  of  eight  penetrates  it  tangentially  at 
the  edge  of  the  sun,  and  to  an  extreme  depth  near  the  baiie 
of  about  forty  thousand  miles.  Between  the  reversing  layer 
and  the  chromosphere  there  Is  no  solution  of  continuity;  to  some 
extent,  undoubtedly,  tbo  lower  merges  into  the  upper  forma- 
tion ;  yet  they  are  esaentially  distinct.  Each  has  itfi  own 
spectrum  apart,  notwithstanding  a  certain  amount  of  community, 
apparent,  casual,  or  pjtrtial.  Thus  wince  the  reversing  layer  it; 
viflually  accessible  only  through  the  enveloping  chromosphere, 
the  apectrographio  prints  taken  at  sun-and-moon  contacts 
are  inevitably  compositc^      They   include   the  chromospheric 

'  Onlf   tbi<  mora  nitrBUf^blu   imrtii   oT    the   jKjrtnjed   apeotm  h^vc    )tttn 
repnidUGu-f.     Tbc  coiujil?t4  iiiUKoa  lUcU  dowu  to  X  0000  la  thv  Qno^e, 
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ith  the  "  flflah  "  rayi  DiBcnminatiou  ifl>  however, 
facilitated  by  the  notably  greater  length  of  the  arcA  representa- 
tive of  the  former  oorreaponding  with  the  higher  est^nsion  of 
the  sulietauoes  emitLing  tpliBui.  The  clitHs  c>f  discrepancies 
between  the  flash  and  the  Frduuliofer  apectriiui  thus  a^'^onted 
for  are  discrepaneiea  by  excesB,  The  iia&h  iuchtdea  helium 
taye ;  the  Fraunhofer  epeetnim  has  aone.  The  tlosh  oxhibitn 
the  complete  hydrogen  Geriea  up  to  its  extreme  limit  in  the 
ulttH-vJolct;  the  yraunhofer  spectrum  revereea  only  its  visible 
members.  Titanium  Liuefl  strong  in  the  Hiuih  are  feeble  in  the 
Fraunhofer  spectrum  ;  be^des  other  o^nalt^ous  diw^lmlUritiog. 
Yet  they  do  nob  affet.t  the  claim  of  the  revei-aing  layer  to 
be,  spealdug  broadly,  the  locus  of  wlar  abrorption.  Rather 
they  biing  ua  face  to  face  with  the  totally  different  question, 
^Vbj  do  the  chromospheric  gases  eierciee  no  appreciable 
Ajresting  effect  upon  the  light  trannmitted  thmugh  them  ? 
I^ter  on  we  ahall  attempt  to  answer  it ,  here  we  n4!cd  only 
remark  that  the  raya  from  the  chromosphere  c&anot  be  excluded 
from  photographs  of  the  flash.  They  necoasarily  appeoi  in 
Ihem,  and  it  was  known  beforehand  that  thty  liad  no  counter- 
parte  in  the  Fniuahofer  Hptttmni. 

There  are  besides  discrepancies  by  defect.  Many  mhtv 
m  lioee  do  not  show  bright  at  tlie  tiret  naH  last  ih' 
of  totality.  Bnb  bhis  ie  easily  undorstrood.  Some  are 
doubtless  too  faint  to  assert  their  preaenoe  photographically. 
Others  may  be  supposed,  with  the  ntmoet  probflbihly,  to 
originate  out  of  sight  at  the  haae  of  the  reversing  stratum. 
The  shadings  of  H  and  S  certainly  do,  for  the  central  lines 
start  out  clear*  though  strong,  in  the  flaah,  and  their  La^y 
appendages  are  indubitable  products  of  augmented  pressure. 
Nor  do  the  denser  vapours  rise  high  enough  to  make  any  per- 
ceptible display,  Mr.  Everahed  tells  us  ^  thfit,  while  nearly  all 
the  metals  with  atomic:  W4>i^ht^  1i?as  than  60  are  represented  in 
the  Bun'a  marginal  flpeetrum,  none,  of  which  the  ultimate  par- 
ticle«  are  heavier  than  92,  make  any  assured  contributions  to 
it.  A  formation  at  least  bve  hundrt^d  miles  in  vertical  extent 
must  vary  widely  between  top  and  bottom  both  in  compoaitiori 
and  density.  So  at  least  we  should  reasonably  antit^ipate.  In 
lint  of  fact  the   changes    indicated   are   KiupriMingly   slight. 
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One  criterioD  xp  ftvailable  by  which  chemical  differeiiGefl  can 
be  correlated  vnth  diUereucee  of  depth.  This  comuata  in  the 
varioiia  lengths  of  the  curved  lineB  repreflobting  the  cmiBBioiia 
of  the  sundry  conatitueiitB  of  the  "  Uyer." '  SubsUncea  attain- 
ing high  ttltUudes,  like  the  chromoepheric  gases,  give  long 
tiTCH  becauae  their  visibility  exteoclii  over  \i  wiile  iWM^tioii  of  tlie 
pun'e  ciidunfereDCti,  while  low-lying  materials,  iUuinindting 
n  ntuTow  verge,  are  clmracterised  by  short  arc&  They  ora. 
moreover,  tbo  moflt  difficult  to  cfttch  as  tho  moon  goes  by^ 
Kow  tho  great  niujority  of  the  tlaeh  lines  are  of  a  u^^tly  equal 
length,  c-orrfiflponding  to  no  arc  of  about  40"  on  the  nolar  limb, 
and  Um  equality  implies  a  counidenible  approach  to  unirormity 
of  cooBtitution  throughout  the  greater  part  of  the  momentarily 
ejcpoaed  layer.  But  it€  hasal  Btratum,  perhaps  nob  mora  tbau 
a  few  milcB  in  thickncee,  should  be  that  most  effective  in 
abBorptioUr^  and  it  forms  a  crescent  much  too  tine  Lo  be  directly 
seen.  Here  below,  then,  down  uear  the  photosphere,  UiiReing 
Fraunhofer  lincv  with  no  apparent  correHpooding  radiatiooH  may 
be  produced^  nay,  vaist,  since  there  ia  absolutely  no  evidoEce 
of  the  correapooding  light-stoppage  taking  place  in,  or  above 
the  chromosphore.^  Mi.  Everehod'e  conclusion  is  indeed 
fully  warranted,  that  "  the  flash  spectrum  as  a  whole  appears 
lo  reprenentr  tlie  upper  inor^  oxtenRively  diffiiHcd  portion  of  a 
etratam  of  gas,  which,  by  its  absorjition,  gives  the  Fraunhofer 
spectrum."*  The  appellation  "reversing  layer"  would  then 
Beem  to  be  no  miBnomur,  but  to  indicate  correctly  the  scat  of 
the  linear  absorption  which  serv9S  as  our  alphabet  for  spelliiig 
oat  the  secrets  of  solar  chemistry. 

The  density  of  this  vaporous  envelope  it*  measurable  by 
the  "  presaiue  flhifta"  of  the  Fraunhofer  lines.  It  would  seeui 
to  be  nowhere  less  than  that  of  our  atmosphere  at  sea-level ; 
otherwise  displacements  towards  the  blue  and  ahould  occur, 
and  none  sut^h  are  perceptible.  Nor,  on  the  other  hand,  is 
th^re  proof  of  its  exceeding,  even  in  the  lowest  depths,  three 
or  four  times  the  HLaodard  value.  So  tphat  the  increase  of 
prasBure  downward  is  exceedingly  elow — a  fact  to  be  (carefully 

J  8.  A,  Mitoholl,  Atffojy/i.  Jmni.  vn\.  it.  y.  MB. 

"  3SotUhty  AWiov,  vuL  Iviii.  p.  SOU  (tlvDrdied). 

-*  HitXo,  Jetrtipk.  Jouni.  vo).  jii.  |i,  160. 

'  Ptk.  nGyat  SKitty,  iTtli  Jaii.  JflDl, 
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The  disLiiicticii]  (alrcaJy  ^vHrUfd  to)  between  the 
of  total  and  of  partial  pre^aiirt:  is  also  most  iinporUinl. 
Through  the  farmer  the  poaitions  of  dpectral  la-js  are  niodiiied, 
throD^  the  latter  thoir  characters  In  other  woids,  the 
ehiAs  of  the  Frauobofer  Uacid  eorrespond  to  the  sum  of  inciuu' 
bent  VApoura,  while  the  quantity  of  each  separately  present 
determint^s  their  width  and  difrutieiieB&  MtiBb  are  associated, 
hf  their  iineumH  and  (sharpness,  with  indiviilaaJly  tenuoiia 
6uh»tanced.  Tbe  Lyilrogea  lines,  for  iaatance,  represent, 
accoiding  bo  Mr.  Maunder,'  u  pressure  of  only  one-huudredth 
of  an  atmoepher^  But  the  indications  in  thie  r^pect,  aa  iu 
others,  vary  greatly  for  the  different  vapoiu-a. 

The  moat  refractory  aKt^taDi?4i5,  Kaah  as  titHoium  and 
v&iudium.  are  votatUniad  iu  the  reversing  layen  It  \»,  then* 
enormon&ly  heated  But  it  is  cooler  than  tbe  pbotoephere. 
Buice  il«  raya  show  dark  agoiuet  the  vivid  boch^ound  tbcy 
are  projected  upon.  Kow  tbe  temperature  of  the  photosphere, 
by  the  most  autbentic  recent  deterniination,  is  about  6600° 
OBnligi^e.^  and  this  mtirka  an  upper  limit  for  the  temperature 
<£  tbe  reveraing  layer.  A  lower  limit  is  fixed  by  the  tempera- 
turo  of  the  electric  arc,  eolimated  at  3500^  Tbe  much 
higher  grade  of  the  Gpark  is  abuost  certainly  not  attained. 
The  inverse  behaviour  of  two  magnesium  fines,  first  commented 
opon  by  Ptofeaeora  Liveing  and  Dewiir,"  led  Dr.  Scheiner  to 
this  cxmcluaiou.*  One  ttt  X  4352  ia  prominent  in  the  sun  and 
4&ong  in  tbe  arc,  huL  fades  out  in  the  spark ;  the  other,  at 
X  4482.  of  which  a  mere  trace  is  perceptible  in  the  sun,  ie  a 
ciiuacteristic  spark -product.  It  must,  however,  be  borne  in 
DUiid  Chat  comparative  temperatures  are  subject  to  great  un- 
uertainty  where  eleocricity  is  the  exciting  agent.  DisBentieut^ 
UB  fiVBD  to  be  found  from  tlie  broad  prupomtiou  that  the  spark 
K  hotter  than  the  arc;  nor  is  it  one  capable  of  direct  demoti- 
BtrfttioiL  Qualifying  circumstances  come  in,  and  thsir  separate 
eflbcta  are  not  easily  unravelled. 

M.  Deabindn^  made  some  curious  experiments  at  Paris  in 
1894  in  photographing  the  bud  by  means  of  the  dusky  rajrs 


^  JCno\i'rKige,  ml.  ii  p.  fiO, 

■  W.  B.  WilHia,  Pros.  Roy^l  Soc.  12tli  I>«.  IDOI. 

■  Ibid^  vol  tii.  p,  93. 

*  WrnvrtartoU*  £erlm  AkatL  tUr  WiM.  MatuIi  l«fi4. 

4 


so 


PROBLEMS   IN  ASTROPHTSICS 


in  its  Bpectnun.^  For  their  isolation  he  used  a  "  douhle  slit "; 
aud  since  they  are  only  (.oTnj«.rativclj  dark,  nn  diffit:ulLy  waa 
encountered  through  want  of  actinic  power  in  tbe  rays  dealt 
with.  He  thus  succeeded  in  obtaining  with  each  a  monochro- 
matic picture  of  tho  ami  dolineatod  oxdusivoly  with  cmisBiona 
from  some  particular  ingredient  of  the  reverHiDg  layer.  The 
uniCormitj  of  eleineifLal  distribution  was,  by  this  ingenious 
device,  put  to  the  test-  PhoUigrnphs  of  the  disc,  for  instance, 
taken  on  ao  iron  line  might  be  expected  to  show  different 
fe4itixres  from  those  taken  on  caldum  or  magueBium  Itnea  if 
local  accumulations  of  those  vapours  were  present;  but  oo 
divergencea  of  the  kind  became  perceptible.  Tbe  composition 
of  the  abffi>rbiug  envelope  did  not  seem  to  vary  regiGimUy. 
Ttie  investigaticn,  however,  was  not  carried  far,  and  would  be 
worth  proaecuting. 

The/aci  of  the  existence  of  a  true  revereiEg  layer  may 
now  ba  looked  upon  as  established ;  yet  the  viode  of  its  exifit- 
ence  remains  in  several  ways  perplexing.  The  elightnesa  of 
itfi  abfiorpbive  action  necda  explanatioD  at  tbe  outset.  One 
notes  with  amazement  that  the  miniatuie  atmosphere  sur- 
rounding an  electric  arc  ia  equally  efTective  for  light-atoppage 
with  thie  ocean  of  vapours.  Then  there  is  the  singular,  and 
perhaps  related  cireum&tane«  that  the  spectrum  from  the 
limb  is  not  more  deeply  grooved  than  the  spectrum  from  the 
central  parts  of  the  disv  Tbe  reeulta  upon  light  of  being 
sifted  through  six  hundred  and  thiongh  twenty  thousand 
miles  of  the  mixed  materials  glowing  near  the  auu  are  virtually 
tbo  sama  Their  comparative  traaqmllity^  too,  is  unespectcd. 
The  reversing  layer  lies  between  two  Stated  atructuroe. 
Beneath  are  the  pliotoepheric  douda,  tent  and  wbirliog  under 
the  streaa  of  cyclonit  disturbances ;  above,  the  chromospheric 
6ameB,  driven  hither  and  thither  by  influences  of  fantastic 
violenca  Yet  a  region  of  peace  seems  to  intervene.  The 
Praunhofer  lines  indicate  a  steady  vertical  circulation,  but 
scarcely  ever  a  temporary  ej>mmodon.  By  a  rare  eiception, 
Father  F^nyi  observed  at  Kalocaa,  27tti  July  ISfiT,  tbe  dark  C 
in  the  neighbourhood  of  a  spot-group,  displaced  Jilternately 
towards  the  blue  and  the  red,  indicating,  he  supposed,  a  power- 
ful disturbance  cf  tho  reversing  stratum  by  an  imiption  of 
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hot  hydrogSD,^  Such  invaaiooa  of  its  products,  however,  are 
Q&der  the  ban  of  some  proLibitivu  iiecreOj  or  they  oncountfir 
imknowB  difficuldea  They  OGcnr,  at  any  rat«,  with  remarkable 
infrequency. 

The  ftitcndng  layer  is  heated  from  below,  and  gravitates 
dovnwud.  Thermal  equilibrium  ia  doubtleea  maintained  by 
tbe  convective  transport  of  material,  hut  the  due  effecte  of 
mpetincumbent  weight  aro  unup parent.  Evidence  ie  not 
indeed  wonung  of  £ovi£  increase  of  density  with  descents,  but 
of  liu  increase  lelalively  inBJgnificaiit.  Gravity  nt  tbtj  anu'a 
suiacie  poBBeaatM  nearly  twenty-eight  times  its  terrestrial  power, 
hesce  a  tone  solar  atmosphere  should  double  ila  density  with 
each  furlong  of  approach  to  the  mn's  euiface,'  and  the  total 
iacnaae  of  pressure  in  an  envelope  hve  or  six  hundred 
miles  deep  would  be  "ioexpresaible  by  numbers  that  have  name/' 
ActoaUy  there  is,  at  the  iqohI,  u  quintuphng  of  ]>resBure.  Thia 
fbnpidable  diacrepancy  ia  altogether  unexplained.  We  are 
debarred  by  it  from  considering  the  reversing  layer  to  be  io 
sta&cAl  equilibnum.  Its  Euc^^eeaive  atrata  do  not  reet  one 
npon  the  other  under  the  sole  dotoiuion  of  gravity.  Some 
QOUDterMting  infiuence  l!^  brought  to  bear.      This  problem  of 

f^r^-w)  bo  call  ilV'^iB  one  thut  perpetnaliy  recurs  in  studying 
eol&r  surrouudinga 
I  Pm^iiMiimtn  da  Baynald»t?m  OhMn^orittvis,  Boft  vi  p.  IE,  1802. 
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CHAPTER    V. 


HTDROGKN,    RELIDM,  AND    COROKtUM, 


TliRSE  tenuous  gases — hydrogen,  helium,  and  ooronium- — are 
of  eesentiiL]  importance  in  Bolar  pk^^sica.  The  first  pUys 
ttlto  a  lea/iing  part  iQ  terrestrial  and  vital  economy.  Tlie 
Becond  exiata  on  Lht  eurtih  mtrely  On^  n  chuiniual  curiosity. 
The  third  must  for  the  present  be  clttased  aa  nn  exduaively 
Bolai  product- 

SoJar  hydrogen  was  discovered  by  AngstTom  in  1S62. 
He  TeeogoiBed  it  by  the  identity  of  its  three  least  refrangible 
raya  with  the  Fraunhofer  Hnea  C,  F,  and  G*  (now  designated 
Ha,  H^,  iiud  H7),  to  whiuh,  in  1865^  he  assotialed  the  indigo 
Ike  h  (H5).  A  fifth  line  (He),  photographed  by  H,  W.  Yc^l 
m  1870,  is  aitualed  quite  dose  to  the  calcium  H — so  cloee 
that,  like  Teuoer  behind  the  shield  of  Ajaa,  it  lies  cOQceale<^, 
in  the  sun,  urder  covert  of  its  neighbour's  hroad  flhadow,  if 
indeed  it  be  present  in  the  Fraunhofer  Hpectmm  at  alJ  ,  for  it 
ia  so  effectually  bidden  that  the  point  remains  uncertain. 
Shortly  aftenvurds,  Sir  William  Huggina'a  Hpectrographic 
inveatigatione  of  yiiian  stora  gavo  tho  key  to  the  true  uboracter 
of  the  hydrogeu  emiealonB,  Nine  ultra-violet  lines  came  out 
on  his  plates,  and  their  rhythmical  arrangement  at  intervals 
continually  lesHeEUJig  upward  left  no  doubt  of  tbeir  forming  a 
connected  Eeriea.  That  this  included  the  visible  lines  was 
manifest  at  8i}>bt.  Its  law  was  stated  by  Balmer  in  1885.^ 
The  relatioQs  esproaeed  by  his  formula  are  not  those  of 
vraVB-leTiffChs,  but  of  their  reciprocals,  va^ve-fre^-uericic^.     These 

'  The  third  hydrogen  liTifl  CHt).  oft*ii  ftillwl  "  G,"  11  bljicent  to  the  bind  mt 
k  tB]  auned  G  by  Fmunhafer- 

*  H^ivUrnanii't  AnntUm,  Bd,  xxv.  p.  SO. 
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qnAotitiea  obviously  bear  to  each  other  no  iuveTted  proportion. 
Deep  criinson  light,  (or  iBBtaiuM;,  conaista  of  imdulationa  about 
twice  as  long  as  those  of  violet  light;  only  half  as  many  of 
ibccm,  accoidingty,  enter  the  eye  in  a  given  time,  A  doubled 
length  ooTT^spoudB  to  a  halved  frequency,  a  I»ripl»i  length  to  a 
frequency  of  one-thiid,  and  so  ou.  Now  osc illation -frequenriBH 
lire,  for  several  reasone^  more  importunt  natural  conetante  th&D 
waTe-len^ha;  hence  until  they  were  made  the  basis  of  in- 
Tefltigfttion,  no  wal  progreea  was  effected  in  the  detection  of 
spectral  series. 

Baluier*8  law  has  tbe  following  form  :  N  =  N^,  —  ~,  where 

N  IB  the  wave-iiumb«r  ( ^V  N^  ih  a  oonatanI>  to  bt  duLermined 

by  trials  and  m  in  auy  integer  greater  than  2.  By  aasiguiug 
to  Njj  the  empirical  value  2  74 1 8  "7  5  ^  tbe  places  ia  the  apecbrum 
of  eadi  individual  ray  emitted  by  hydrogen  moy  be  calculated 
with  approximate  accurat-y.  That  of  C  (Ha)  corresponds  to 
m  ^  3,  and  the  series  liaa  been  photographed  up  to  ai  =  34,  its 
constituent  Udem  growing  fianttr  aud  mora  crowded  ar^  the 
iii«le  is  aaceudeiL  Tliey  approftch,  iu  fact,  with  the  incTeaae 
of  m.  indefinitely  near  to  a  definite  limit*  marked  hy  the  con- 
etant  N^j  minus  0  (the  second  term  having  diaappeared).  Thia 
limit,  known  as  the  "convergence  frequency ,"  ie  a  distinctive 
feature  of  epectral  series. 

M-iny  have  contributed  to  their  elucidation.  Johnstone 
Stoneyn'  Aleiauder  Herechel,^  Hartley'  and  Comu^  prepared 
the  ground,  and  the  mibject  f^'as  treak^,  in  ita  larger  bearings* 
ftod  with  more  definite  resulta,  by  Liveing  and  Ilcwar,^ 
Schuster,'^  Rydberg  of  Lund/  Kuoge  aod  Paschen "  of  Hannover, 
Kayser^  of  Boon,  and  Ames'"  of  Baltimore.  Their  labouro 
have  been  unexpectedly  successful  in  educing  partial  order  out 
of  all  hut  total  emissive  confuj^ion.  Harmonic  series  of 
identical  type  were  tnaiahalled  from  promiscuous  throngs  ol 

^  TrtiiL  tC^ifai  Sot  tjf  MdiitliiiJi/h.  toL  ntKlL 
*  Joirn,  (Jhrpt.  Sofutif,  to!  xLiii-  p.  3(ie. 
'  Juum.  lit  Ph^tiqii^.,  t  r.  p.  U\  (laSfl). 

•  F%dL  Tratu.  toL  cduiT.  p.  167.  "  JVfriwnf.  vol  1v.  ^  30ft. 

^  PhiL  Sfa^.  Tol.  nil.  p.  tZ^  ;   tr^d.  A%rk.  Bd.  IIL  p.  llfl. 

*  thid.  Bd,  lii.  p.  041.  '  Bcrhn  Abkandi.  18S0 

"  PkU^  Jf*ff,  ToJ.  MX,  p,  33  (laOO). 
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TAjB,  and  tbeir  ajuocutiou  into  sets  of  three,  or  even  into 
double  eete  of  six,  Bimultaueouslj  given  forth  by  a  einglfi 
element,  provea  the  extraordinary  complexitf  of  the  molecular 
GjBtemB  through  the  movt'meiitB  of  which  they  origuiatc.  That 
some  of  these  tuovemeutB  are  of  an  orbit&l  nature  is  stronglj 
kidJcated,  and  they  Dot  improbably  show  pertmbative  effeoCa 
aualo^uti  to  those  imniifuaLed  in  lunar  and  planetary  n;roLu' 
tincfi.  "  The  £nal  impresaion/'  M.  BaLmer  writes,^  "  vhich  oar 
mind  InTolnntarily  recdvos  in  contemplating  these  fundamental 
relationB  ia  that  of  a  %Pondcrlul  mix^hanism  of  nature,  the 
functions  of  which  are  performed  with  never-failing  eertaintyp 
though  the  mind  can  follow  them  only  with  difficulty,  and 
with  a  humiliaLing  sense  of  the  incompleteness  of  its 
perception," 

Until  1897  the  spectnim  of  hydrogen  waa  thought  to  be 
of  nnjqno  Bimplicdty.  It  apparently  consLfitcd  of  one  indiridual 
aericQ  reBembling  that  formed  by  a  musical  note  and  its  over- 
tones. Wo  outstanding  lines  interrupted  the  perfect-  regularity 
of  the  progression.  All  this,  however,  was  changed  by  Pro- 
fesBor  PickeriBg's  diacovery,  in  a  few  peculiar  stars,  of  a 
second  hydrogen  aeriea,*  It  ia  asaociated  with  the  first  in  such 
a  manner  as  to  indicate  that  both  are  subordinate  to  a  prineipal 
aeries,  the  three  together  forming  a  triple  group  on  the  normal 
pattern.  Of  the  prindpal  series,  one  member  has  been  prob- 
ably identified  as  a  blue  band  in  certain  " bright-lioe "  stars' 
the  rest  being  placed  inac<^esflibly  high  up  in  the  ultra- 
violet. They  would  bo  cut  off  by  atraoBpheric  absorption. 
None  of  the  new  hydrogen  rays  occur  in  the  ann,  and  none 
have,  so  Ur,  been  rendered  visible  in  the  laboratoiy,  possibly 
becatise  the  temj>eralure^  available  are  inade^juate  for  their 
pnxlnction.  This  indeeil  is  a  matter  of  conjecture;  what  is 
certain  is  that  hydrogen  affords  the  only  known  example  of  a 
spectral  sonea  capable  of  isolation  from  its  feCowa  Here 
evidently  we  have  a  clue  to  some  specialty  of  intimate  struc- 
ture, the  guidance  of  which  may  lead  to  surprising  disclosures. 

Hydrogen  hjis  other  singularities.  In  some  respects  it  is 
solitary  among  the  elements.     The  "  periodic  law/'  by  which 

■  Aitro^h.  Jovm-  vol.  v,  p.  £00, 

■  IVid.  Tcl  V-  p.  &'2;  Sayacr.  ibiff.  pp,  95,  2i3, 

'  Hydbeig,  iZmi,  tbI.  yi.  p.  233. 
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tfaeir  proporLies  are  oonnected  with  their  al^^miu  weightfi,  doM 
sot  appl;  to  it  Cheiaica.llj  and  electrically  it  behaves  as  & 
metal;  reduced  to  the  liquid  etabe.  however,  it  deKiiit^Ij 
nn^fisite&Lf  with  aon-metala.  Its  vondenaatioti  m  ef^^Kied  witii 
the  attncst  difficulty,  phyaicfil  and  mechamcal  ugeocieB  being 
only  just  eompeteut  to  vanqaish  the  eJaaticity  of  this  lightest 
of  terrestrial  gubstAoced.  But  whaL  Lottie  van  I)ure1y  compel, 
a&iity  readily  obtains.  Uiiited  Lo  osygea  under  the  Ebrm  of 
Wftter,  it  can  exist  as  a  Liquid  up  to  a  temperature  of  100°  C, 
uid  it  is  of  all  gasea  tho  moat  roudily  "occluded."  Imphsooc^l 
tho^  in  meCaUic  Dmasea,  it  remfiinK  inert  for  unlimited  p€rioda, 
but  recovers  freedom  and  activity  by  heat  Meteoric  itone 
bring  to  the  earth  do  iuconHideraljte  Hupply  of  occluded 
hydrogea,  and  jpaliadium  can  take  it  up  to  the  extent  of  six 
lituidred  times  it^i  own  volume.  Id  this  tjuasi-comb tuition  it 
IB,  by  a  curious  anomaly,  si^t  tiiiioa  denser  than  wlien  tiquetied 
by  «heer  ool±' 

The  volatility  vt  liydn^Q  perhaps  trau&ceuds  the  earth's 
power  of  conLroL  By  u  necessary  conseL|ueiioB  cf  the  kiuetic 
theory,  adverted  to  by  Dr,  Johnstone  Stoney  iu  1870  *  light 
gaaee  in  a  free  state  can  bo  permanently  retained  only  by 
maesive  globes.  For  atmospheric  particiss  no  sooner  attain 
4  speed  Jost  overbalaDcing  Che  holding  power  of  gravity  than 
they  irrevocably  6y  otT  luLo  Hpacu,  and  the  process  being  cuu- 
tinoed  unintermittently,  eveotuateB  in  the  total  dissipation  of 
the  envelope  they  once  couetituted.      It  is,  however,  a  matter 

KBome  delicacy  to  discriminate  between  the  gaeeo  that  may 
ape  from  ^ay  individual  pknet  and  those  that  must  remain, 
cording  to  a  recent  calculation,"  tlie  earth  could  now  main- 
Lain  a  hydrogen  atmospliere  virLuully  without  waste;  but  in 
fanner  ages,  when  the  agility  of  the  gaseouB  moleculeH  was 
quickened  by  heat,  the  strength  of  its  gragp  upon  them  must 
have  been  insuAicient  for  their  lasting  retentioOn  This  was 
oeviextheleaB  affected  by  their  reduction  to  the  liquid  state  in 
the  form  of  water.  The  presence  of  an  excess  of  onygen 
hence  saved  terre^liial  liydrugBtj. 

Only  the  four  loweHt   membera   of    the   hydrogen  aeries 

■  Dtvar.  Tram,  CAtni.  Sod'^jf.  180S,  p.  £36. 

*  AiAivL  JtmrtL  roU  tll  [i>  2S.     TIiq  idea  kcdlb  tu  hiir»  boen  auticipfttc't 
hj  WiiUrvtoa  in  IfllA.     B.  RognTE^ky.  ibid.  tdL  liv.  p.  2QI.  note. 

*  8.  EL  CMk,  i^ul.  val.  li.  p.  :J6 ;  bnt  cl  Ston«j,  itiif.  i,[\  ^1,  B&7. 
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ahow  dark  in  the  mm."  The  absence  cf  the  higher  rays  is 
enigmatical.     All  are  abUee  in  the  chrciDoephere ;    but    the 

obromnsiiheric  gaaew  eioitp  aenftibly  afl  much  light  a&  they  stop. 
[q  the  reversing  layer  it  would  then  seem  that  hydrogen  glows 
so  imperfectly  as  to  amit  yibrationa  of  no  mora  than  four  or 
Rve  qualities,  the  upper  *'  notes  "  being  somehow  quenched.  It 
might  be  suppoaed  that  the  temperat^ire  there  ia  too  low  for 
their  produetion,  were  it  not  thut  they  have  been  photographed 
from  vacuum  tubes  held,  un  good  grounds,  to  be  cool  relfltively 
to  the  electric  arc.  TLe  true  explanation  ia  probably  lo  be 
found  in  ttie  hotorogeneouR  oompoaition  of  the  Gtiatum  in 
queGtiun.  Enteimixed  particlen  of  different  kinds  of  mattei 
mutianlly  check  each  other's  oscillfltions,  and  those  of  shortest 
periods  are  the  irjost  aiisceptihle  to  this  adverse  influence.  Ttfl 
nature  and  the  laws  of  its  action  remain  obacure,  but  much 
may  be  learned  about  them  by  careful  experimental  inquiry. 

A  Biimlar  anomaly  ia  moro  markedly  visible  in  tbo  case 
of  helium.  Thin  gas  existfi  near  the  sun  in  scarcely  lees  pro- 
fusion than  hydrogen,  yet  the  Fraunhof^r  spectrum  includes 
no  tirace  of  its  action.  Absorptive  nullity  is  not  a  quality 
iidierent  in  the  substance,  as  we  shall  see  presently  ]  hence 
it  probably  depends,  like  the  partial  inertness  of  hydrogen, 
upon  conditiouB  present  in  the  reversing  layor. 

Until  March  L895  helium  wns  known  only  as  a  chromo- 
spheric  element.  A  bright  yellow  ray  at  X  5876,  dis- 
tinguished A-i  "  D^"  beL-Jiiise  it  fomi.^  a  trio  with  the  Midinin 
pair  D^  and  D^,  was  noticed  in  the  prominences  uncovered 
during  the  eclipse  of  13th  August  1868,  and  can  always  be 
observed  spectroeoopically  at  the  edge  of  the  euD,  But  the 
substance  emitting  the  yellow  ray  lay  outside  the  range  of  our 
acquaintanceship,  and  seemed  unlikely  to  he  brought  within  it. 
Tiiut  cxjn tinge iM^y,  nevertheleas,  came  to  pjias.  In  the  course  of 
u  searcii  for  compounds  of  argon,  rrofeasor  Eameay,  at  the 
suggestion  of  Professor  Micrs,  fortunately  examined  the  reputed 
nitrogen  oceluded  by  the  Scandinavian  mineral  "  elevite/' '  This 
velvety-black  stone,  remarked  aa  peculiar  by  N"orden8kidld  aod 


'  fiovluid  obfervod  in  bu  {ihnta^ajitiB  soiao  "  thiti  hm,"  vlitcfa  ho  regarded 
OS  poaaiblf  due  to  diffb«  ftbaorptioQ  br  four  ultra-violet  hj^lrogcn  linea,  but  tho 
oomiactioq  i>  Tcrj  doubtii]].     Hu^lub,  jitins  of  SifUtr  iS'pccira,  y.  ]£0. 

■  ChtntioU  iVhM.  Sflth  Marnh  lafl5  ;  Jialifrr.  lElth  D«annbi'r  tSOl. 
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anoljaed  by  Clcve,  is  a  kmd  of  pitch-blendOf  oompoeed  of 
iEiuut«  of  lead  minted  Vp-ith  rare  eartliB.  The  g&a  evolved  from 
it  nt  Uoiveraity  College  giivo  a  hrilliant  gpe£?triim,  in  which 
th«  promiQence-line  D_  sbone  conspicuous.  Helium  was  indeed 
aptnn^  \  A  lienubiful  confirmabioii  of  the  idenrJty  w^ie  fioon 
•fterwards  affordGd.  The  gfiilden  line  seen  in  the  Iftboratorj' 
WftB  perceived  by  Etiuge  to  have  a  faint  olose  comp^miou, 
and  he  declared  that,  imloss  the  Bolar  D,  were  also  dctuble, 
clevite-j^  ehovild  be  re^^arded  as  diffi?rcnlp  from  helium.^ 
The  challenge  was  taken  up  on  both  nidwfi  of  the  Atlantic. 
Profeseor    Hal«    on    20th    June,  *ad    Sir  William    Hug^na 
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indepeDdenltj  on  10th  July,  succeeded  in  reaolvlLg  the 
proiomencC'Tsj  into  a  delicatu,  unequal  pfbir,  and  our  poosea- 
sioa  of  helium  hb  a  truly  indigenous  element  wue  rendered 
incontrovertible, 

MeimtiniP  sundry  other  Iwiding  ehrorao*^heric  mya^— 
fopr  especially,  iMiIoiUBd  deep  red^  green,  bhie-gteen,  and 
intense  violet^ — bad  been  recognised  in  the  complex  ^ped^nmi 
of  clevite  g:aB,°  The  task,  however,  of  reducing*  iLh  lanjjled 
rays  to  harmonic  order  aeeiued  desperate  uatil  it  was  perfcrmed. 
Without  eit^eptiou,  they  mngod  bbemeelvesj  at  the  bidding  of 
MM-  BimjfP  and  Pasehen,  into  six  related  series  (see  Fig.  5). 
Thefle  form  two  aets,  each  cooatat^ing  of  a  surbordiiiate  pair 
dravriug  together  towards  a  common  limit  in  the  ultra-violet. 
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wilb  a  principiil  eeriea  "lenpiug  over  the  Dbher  two  in  large 
bouncie,"  and  ending  in  the  more  refrangible  part  of  the 
spectrum.^ 

Not  ooly  did  Eiinge  and  Paachen's  formula  (which  may 
be  i^&rded  ee  a  modification  of  Balmer's  law  for  bjdrogeti) 
indude  all  the  perceptible  emisaioELfi  of  helium,  but  it  inti- 
mated  the  preaeDce  of  otliera  beyond  the  reoi^h  of  ordiiiary 
observatioiL  Each  of  the  principal  aeriee,  it  waa  inferred, 
should  own  a  "  leader  line  "  far  down  among  the  heat  raya, 
and  with  the  aid  of  the  bolometer  the  predietiou  waa  etrictly 
veiiGed.  Thus  "the  actual  spectra"  (as  Mr,  Maunder 
remarked)  "  eorreapoEded  to  the  theoretical,  and  were  complete 
from  their  rise  far  in  tlits  obecure  regions  of  the  infia-red 
till  they  died  away  in  the  darknesa  which  lies  oa  the  othoi 
aide  of  the  visible  apectnito," 

Their  number,  however,  suggested  a  twofold  origin,  since 
there  was  then  no  precedent  for  aadgning  more  than  three 
serieM  Lu  a  single  subfitanee.  Clevite  gaa  was  accordingly 
regarded  as  a  miitare  of  two  soloi'  elementfli  distinguiabed  aa 
"helium"  and  "  par  helium,"  the  raje  of  the  former,  like  D^, 
bting  all  double,  those  of  the  latter  siogla  Each  set  of  three 
series  woa,  in  fact,  "aaalogoua  to  the  complete  spectrum  of  a 
diatinet  element/'  Yet  parhelium  baa  tailed  Co  make  good  its 
footing  in  either  cosmical  or  terrestrial  cbeniiBtry.  Attempts 
to  isolate  it  have  entirely  failed,  and  the  Bpectroeuopio 
aliment  for  its  esistenc^  collapsed  with  the  discovery  that 
oxygon,  no  tesa  than  clevite  gas,  claims  six  series,  which  are 
certainly  inaepamble,  and  lepreeent  in  combination  the  vibra- 
tions of  perfectly  similar,  highly  intricate  moleeular  syatems. 
"  Parbelium  "  may  theu  safely  be  tre;tted  fis  fictitious.  Glevite 
gaa,  or  mineral  helium,  ib  the  identical  undiluted  material  of 
pTominences.  The  hypothetical  compaiLioii-&taff  ejdsts  neither 
in  the  mm  nor  upon  the  earth. 

The  qualities  of  helium  are  most  unusnal.  Like  argon, 
it  is  mouatomjc ;  it^  ultimate  chemical  unite  are  the  same  as 
its  ultimate  m&as-unite.  This  inference  i»  based  upon  the 
heat-relations  of  the  suhatance^     Ita  vapour-deusity  is  hence 

^  EuTigB  Abd  Puchtti,  jVdfufv,  2fltb  Sefit-  1^95  ;  Sifeji-ngsberichtf  BtT^in 
Atod.  20t1k  Jdbc  1BS5 ;  AstropA.  JmrH.  vol.  Lii.  p.  3  ;  Miumder,  ^tLOwIed^, 
vol.  iLj.  p,  285. 


\y  half  iU  Atoinii^  weight*;  for  the  molecule  of  helium 
ue&rly  double  the  umss  of  the  hydrogeEi  molecule ; 
ijid  it  is,  bf  hjpothesifi,  inJiviaible,  while  i,\iB,i,  of  hydrogen 
iocloded  tvo  oombiaiBg  ^ioui».  But  helium  hae  no  "  atoms," 
or  raUier  its  molecolea  are  its  atoms-  Ite  chemical  equivalent 
is  Accordingly  3'96  on  the  hydrogen  Bcale.  A  value  indeed 
rmtber  nomiiifil  than  real,  giuce  helium  is  devoid  of  seuaible 
ftffiniUs!!  It  QDtei^  into  no  combiualJonK  It  iig»in  reeemblee 
ftigoQ  in  being  a  "  rogue  "  element  To  both  equally,  one  of  the 
ordioaij  pn^rtiee  of  matter  is  wanting.  Tliey  form  with 
Ihiee  other  inert  gases  a  closfi  apart  oe  ^  non-valent "  aab- 
ftanoee.^  In  chooaing  its  mineral  eloistera^  helium  showed, 
nevenheless^  some  oti^ual  prsfi^rencea  The  heavy  metat 
luoainm  has  a  special  attraction  for  it,  anri  it  ia  constantly 
aflEocdated  with  rare  eartha  Once  released,  however,  it  can 
acftioely  be  re-iucaicerutcd  Mr.  Tilden'e  experimenta  lod 
him  to  Gouclude  that  helium -yielding  rocks  must  have  bean 
pflimitively  charged  under  a  pressure  of  several  hundred 
atmospherea.'  The  earth  rnay  in  those  early  days  have 
pOMened  a  vast  helium -envelope,  since  dissipated  in  space. 
Opiitions  differ  on  the  subject,^  and  data  for  precise  calcula- 
tions are  wanting.  But  the  probability  is  »tiong  that  the 
helium  now  sparsely  lurking  on  oui'  globe  is  a  mere  remnant 
of  a  for  ampler  store,  which  terrestrial  potcneies,  whether 
gravitational  or  chemical,  were  incompetent  to  hold. 

Helium  scarcely  retards  the  psBsage  of  light.  IIa  re- 
Fractive  index,  which  la  the  smallest  known,  is  expressed  by 
the  fraction  0'14G,  those  of  air  and  hydrogen  being  re- 
spectively 1*0  and  C^5.  Still  more  unexpected  than  its  low 
refractiTtty,  is  its  high  conductive  power  for  electricity. 
Processor  Bjtmsay  ascertained  that  the  "sparldiig  distance" 
through  helium  at  atmosjiherJc  pressure  is  nearly  300  milli- 
taetrea,  while  the  eame  cun^at  is  stopped  in  hydi^gen  by  a 
^P  of  40.  in  oxygen  by  a  gap  of  just  24  luillimelres** 
Aootbra  surprising  property  of  tbis  ^  is  its  abnormal  faculty 
of  <UfIuHioD.     It  has  a  rate  of  self-dispeision  ten  timesi  tliat  of 


'  RuuMy  ud  OoUiOj  /Voc.  Royal  Soei^y  '*3L  ^-  ?■  ^^ 

*  Ihid.  vol-  lis.  p,  233, 

■  Sen  JlUvn,  tTtb  ud  S4th  Uaf  \90(t  (Covk  «nd  Jahbttobc  Stoncy), 

*  ivv*  Ji<^t  Si/9^  Lcairt^  2jid  Jiuu?  iec.\ 
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hydrogen,  or  fifteen  tiniee  what,  by  Grahara'a  law,  it  ought 
be.      On   the  other   handr    it    hae    tb«   lowest   solubility 

record  ;  ^  water  *t]jf4orl^i9  it  in  ev^nesceub  <juautit]eH,  TJiJS  led 
to  tho  anticipation,  amply  jnotiSed  by  experience,  bbat  helium 
would  prove  to  be  one  of  tho  mosb  obstinately  gasoouB  bodi' 
in  exJaLeace,  It  has  not  indeed  yet  (October  1902)  aut- 
render&ii  to  the  uompulaion  brought  to  bear  by  Profi 
Dewar  in  his  memorable  reflearchea  at  low  temperatii 
Still,  the  eooliiig  eifnacy  of  liij^uid  hydrogen  evaporating 
under  eshausbion  may  bo  expected  finally  to  overcome  its  all 
but  invincible  recalcitrance,  and  the  "salamander  gaa"  of 
the  cJiromoaphere  will  assume  the  guiee  of  a  frigid  fluii 
boiling  five  or  gix  degrees  above  abaoluta  £ero. 

The  reveraing  layer — properiy  Ho-called — emits  apparently 
no  helium  raya.  A  reaaoQ  for  their  absence  has  been  already 
euggeated,  and  ia  tolerably  obvious.  They  are  extremely 
eenaitive  to  damping  influcncea  Foreign  admixtures  reaiLIy 
occasion  their  auppreeBJOn.  Thua  10  per  cent  of  helium  just 
shows  Bpectroscopienlly  in  hydrogen^  aad  that  only  if  tlie 
presaure  in  the  tube  ia  very  low;  while  one  part  of  hydrogen 
in  lOOjOOO  of  helium  glows  manifestly  when  the  current  ia 
made  to  paaa.^  Nitrogen  has  a  similar  adverse  effect  upon 
helium -radiation,  which  would,  however,  gain  relatively  in 
strength  with  diminutrion  of  preBsuro  in  ascending  through 
the  reveraing-layer  into  the  chromosphere. 

Of  the  chief  t^oronal  ingrediBnt  no  terrestrial  trace  has 
yet  been  foutid,  A  bright  green  my  observed  during  total 
eclipses  is  ita  only  assured  badge,  for  eight  or  nine  other  more 
refrangible  associated  rays  may  quite  poaaibly  emanate  from 
dilfereat  substances.  As  the  leading  gaseous  constituent  of 
a  structure  on  the  borderland  of  nothingness,  coronium  must 
be  an  urdniaginably  subtlE^  form  of  matter.  It  exiRls  in 
prodigious  volumes  neai'  the  sun,  rising  to  heighl^  iiJtogebhei' 
inaccessible  to  hydrogen  or  helium,  yet  under  conditiona 
differing;  from  thoee  of  an  ordinary  atmosphere.  Successive 
coronal  strata  are  not  mutually  superincumbent  There  is  no 
flign  that  theb  density  increases  downwards.  The  eharacter- 
istie  green  line  is  no  less  fine  and  sharp  given  out  hy  the 

^  lUnB^ri  Collie,  uid  Tm^Dm,  Jovm.  Chmi.  Society,  l.t96,  p.  09T. 
'  Collir?  mi]  HnTuxAy,  Pnte.  Hnynl  A'pcJ>fy,  vol.  ])'V-  p.  2ai, 
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ioDcr  thAn  hj  the  outer  corona.  Ho  rcvenul  of  it  bas  ever 
been  dol«ci€d.  There  is  no  corresponding  Fmuuhofer  liae. 
Thus  the  subaUnce  most  plentifully  present  abont  the  *ua  ia, 
\ij  A  stniugi^  uttoDiH-ly,  ubeolutely  p&SHivti  ufi  reguriLs  iu  Ught. 
This  is  most  probably  n  rasult*  nob  of  &nj  specific  incapacity* 
Irol  of  Iho  poculiar  state  in  which  it  subsists.  Tlie  real 
qiuUitiefl  of  coronium,  howeYer^  and  ita  entire  spectmm  can 
oolj  be  Ascertained  by  Uboratoiy  investigations.  That  these 
will  ever  become  practicable  it  would  be  rash  to  aflenme,  but 
it  is  pennisaihle  to  hope.  There  Reems,  at  any  rate,  no  valid 
reaacm  ^hy  coronium  should  not  be  added  to  the  Qumber  of 
unearthed  or  froiea-out  recondite)  ga&es.  The  former  poHBe&' 
BioQ  by  our  planet  of  a  coronium-atmosphero  may  be  plausibly 
eurmieed  But  it  most  likely  vanished  still  earlier  tban  that 
of  helium.  Had  ita  material  bttn  endowed  with  chemical 
■Anitiefl,  some  compound  or  compounds  should  have  preserved 
it  more  or  lees  abundantly.  It  would  have  been  detainee^,  aa 
hydrogen  vas  detained  in  water,  and  kept  available  for  our 
lAte  acquaintanceeliip.  Since  no  compound  of  thd  kind 
■ppeftifi  to  eaiiat.  coronium  presumably  reaembles  heliimi  in 
hong  "  non-valeut.' 


CHAPTEfi    VI. 


THB   PHOTOSPHERE    A3^    ITS    rUSKy   7KL, 


Tfla  Bun  16  virtually  bounded  by  a  epherical  envelope  of 
intense  lustre.  What  lies  outaide  is  negligible  in  mass  acd 
function.  VVhiit  is  hidden  within  haa  its  energies  concentrated, 
BO  to  speak,  on  the  maintenance  of  the  "  photospbeie  "  at  the 
highest  point  of  radiativQ  efficiency.  This  implies  enormoua 
internal  activity,  the  Blackening  of  which  woald  bo  the 
prelude  to  speedy  extinction.  The  matarials  of  &  self-^H 
renewing  stratura  of  concentrated  emission  are  neceBflarily  in 
a  state  o£  flux.  £ach  constibaeiit  particle^  ns  it,  delivora  up 
its  fitore  of  light  and  heat,  beooLaea  inebantaueously  QfTete,  and 
18  replaced  by  another.  Charging  and  diechorging  processes 
pursue  a  ceaselefiG  round,  ceaeeleBs,  that  is  to  say^  until  the 
growth  of  viscosity  fatally  impedea  them.  When  that  time 
ccmes,  convection -currents  cease  to  flow,  superficial  cooling 
advances  rapidly,  and  the  siiii-hke  stage  terminates.  The 
epoch  of  inertness  must  in  fact  arrive  when,  for  a  circulatory,  | 
a  tixod  surface  is  substituted.  During  some  long  antecedent 
period,  again,  tho  same  body  was  presumably  too  rare  to  be 
definitely  limited,  and  might  fitly  be  designated  a  nebula.  So 
that  a  "  hun  "  L^  defiuabl^  a^  a  gaseous  innsa  clothed  with  a 
pellicle  of  dazzling  luminoedty,  and  organised  for  loog  con* 
tinuance  in  the  capacity  of  a  distributor  of  light  and  heat 

The  ehiuing  pelliole  of  our  eun  is,  to  all  appeorotice,  of  a 
cloud-like  nature.  It  ie  a  locus  of  condenaation^  where  up- 
rushing  gases,  chilled  by  expansion,  momentarily  change  theli 
state,  and  thus  acquire  the  jjower  of  suddenly  parting  with 
their  stored  energy.  The  "mottlings"  of  the  photosphere 
mark    visibly,    perhaps,    this    rapid    course    of    interchange, 
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hrilliuit  {tooculce  denoting  regioDs  of  fLrieritd  a.^oeiit>  clunky 
tnctfl  thoie  of  coTTesponding  venovs  de8C€nt.  That  it  ia 
Mcompaaied  by  violent  tunnoil,  the  evidence  of  the  camera 
illQVr«  coTwluBiTQlj.  The  reticulated  areas  are  highly  ovan- 
fmtMitit.  Ridgee  and  brilliant  cnmulj,  some  huadreda  of  nLilee 
in  extent,  form  only  to  be  swept  away.  "  When  we  come  to 
study  the  minute  detaiU  of  the  granulatioiiB,"  Profefisor  Young 
writes,  "  we  find  moremeata  at  the  rate  of  a  thouaaad  milee 
•D  faoQT  to  be  the  rule  rather  (ban  the  exceptton,"  ^ 

Since  photospht^nc  light  is  purcly  contmoous,  photo- 
spherie  chemistry  remains  a  terra  iTieo^nita.  Only  con- 
jeclm^s  are  poeaible  regarding  the  kind  of  matter  present  in 
thfl  niar  condensations.  The  idea  that  they  may  be  formed 
of  carbon,  atarted  by  Dr.  Johnstone  Stoney  in  1867*  b  still 
very  generally  entertained.  It  ia  indeed  hampered  by 
didM^ties  at  present  in^ormoiULtablc ;  but  the  eame  may  be 
«ud  of  every  other  hypothesis  on  the  subject.  Carbon  was 
recommended  for  the  position  asaigned  to  it  by  ita  refractori- 
neoB  to  heat  and  by  its  greAt  radiative  power.  LiLmpblackj 
we  need  hardly  eay,  is,  in  this  latter  reapect.  the  standard 
sabetanoe^  An  uatavourable  peculiarity,  on  the  other  hand, 
iv  itfl  inabiUty  to  exist  as  a  liquid  under  conditions  at  all 
likely  to  be  realised  in  the  san.  Carbon  has  no  fusing-point 
in  the  ordinary  sense.  At  a  temperature  of  iibout  3500°  C- 
it  sublimes  without  melting.  Preparatory  to  cryatalliBing 
aft  diamond  it  perhaps  liquefies  through  the  incomparable 
atreaB  of  molecular  foieea,  but  the  process  is  traneitoiy  and 
obaconx  It  baa  never  been  observed ;  it  is  only  leaeonably 
cappoaed  to  take  place.  Moreover,  at  or  near  the  photoepherep 
pressure  of  the  required  intensity  certainly  does  not  exist.  The 
cnmuli  forming  it  ehould  then  consist^  not  of  carbon  droplets, 
but  of  carbon  dust,  and  the  analogy  with  tarreatrial  clouds 
would  disappcur.  A  atill  more  serious  objection  i^  that 
carbon  volatilises  at  a  temperature  far  below  that  of  the 
photosphere^  Nor  are  we  acquainted  with  any  kind  of  matter 
the  condenaation  of  which  might  be  thought  of  aa  possible 
under  the  conditions  there  prevailing. 

The  question  of  tcmperatnw  is  fundamental  in  aolar  phymc«' 

■  X^  ^4,  p.  no,  edit.  IB07. 
*  /Vd&  Jiqfol  Society,  vol.  irl  p.  3S. 
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Everythiog  Chat  regards  the  nature,  slrueture,  and  innate 
activity  of  the  aolar  ylobe  depends  apon  the  answer  fumished 
w>  iL.  Aud  of  l*»te  the  suswers  liave  becoiDe  much  more 
plaufiible  than  those  diacordaDt  to  the  extent  of  some  niillloris 
of  degreea  anircd  at  thirty  years  ago.  Tho  mam  cause  of  tLi^ 
wido  un<;ertainty  lay,  not  in  tlio  actual  meaBuremeota,  which  can 
bo  made  Bufficiently  precise,  but  in  the  iailura  to  eeUblish  on 
secure  grounds  some  definite  relation  between  temperature  and 
radiation.  Ttmre  is  no  doubt  that  tbennal  outfTowH  increHss 
far  more  rapidly  than  the  &ccompanjiug  theriQometnc  rise — 
that  the  heat  received  at  a  distance  corresponda,  in  an 
augmented  proportiouj  to  a  gain  of  heat  at  the  Bource ;  but 
the  correspondeiiije  has,  uiitil  lately,  been  ezpreeeed  only  by 
empirical  fuIbh,  not  implitdtly  or  uncanditiauaUy  to  be  trusted- 
Boltzraaim/  JiowoTer,  supplied  an  tx  fost  /ado  theoretical 
basis  for  a  law  published  by  Stefan  of  Vienna  in  1879, 
acconling  to  which  radiation  growa  as  the  fourth  power  of 
tomperature.  Ita  agreement  with  facts,  so  far  ae  they  are 
available,  is  beeides  tolerably  close.  Yet  the  security  is 
pre(!uriouH  that  it  continuea  to  match  tbem  in  regions  of 
cosmic  heat,  unattainable  by  experiment.  It  was,  however, 
employed  by  Mesara.  WCaon  and  Gray,  with  some  modification 
and  with  excellent  reaultG,  in  their  authoritative  determination 
of  the  sun's  temperature,'' 

They  adopted  a  method  of  direct  observation,  involving 
the  fewHsL  possible  uncertainties  of  principla  Sun-heat, 
>Jlow&l  to  fall  upon  a  *'  radio-micrometer  " — an  Instrument 
of  extreme  HensitiveneBa  invented  by  Professor  Boys — waa 
measured  by  the  "  balancing  "  of  its  effects  agninet  those  of  a 
etrip  of  platiuum  heated  to  a  known  pilch.  This  gave  the 
means,  by  the  aid  of  Stefan *b  law,  of  translating  them  into 
terms  of  temperature.  Allowsni'e  had  then  to  be  made  for 
a  double  abeorption^  first  in  the  sun's,  again  in  the  earth'a 
atmosphere.  Thiit  only  a  fraction  of  the  heat  emanating  from 
the  Bolar  condenaatiomi  reached  the  apparatus  in  the  West 
Mealh  obBorvatory  was  unmiatakable  i  how  large  a  fraction 
waa  less  easy  to  decida  Langley  finds  that  th&  intensity  of 
radiation  at  the  centre  of  the  disc  is  reduced  near  the  limb 

^  Scheiaer,  SirahiwKQ  und  Tcmjierahir  der  SintflUt  }'■  27. 
'  Pra.  Beyai  Sitdttfi,  voL  Iviii. 
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by  one-half/  and  the  tt>tal  loan  ia  eetimated  bj  Wilaon  and 
BAmbaQt  at  otie- third  of  the  whole.'  Hmice  the  sun's 
tb«iniial  power  would  be  one  und  a  half  tiiuBB  greater  than  it 
ia  if  the  emitting  autface  were  stripped  of  its  abaorbeat  covet- 
ing, and  the  correlation  oi  temperature  demanded  hy  its  action 
unounts  to  at  le&st  1000'  C, 

The  despoiling  effect  of  our  own  ftir  has  nest  to  be  con- 
Bidered.  It  is  very  l&rge,  and  bo  are  the  diBcrepandBs  in  its 
rfttnattotL  Eoaetli  of  Podoa,  who  ic  1379  det^rnuDed  the 
temp&ratuie  of  tbe  sun  to  be  20,000VcoiLcluded  for  a  zetiithd 
heat-atoppageofli^  percent;  Langlej  estimated  it  at  41 ;  Knut 
Angstrom*  in  1890,  laying  Btresa  for  the  firat  time  upon  the 
thennid  opacity  of  the  carbonic  Ecid  ingredient  of  tbe 
atmosphere,  chlaiiied  64  per  t^at  as  the  ratio  of  absorption. 
This  seemingly  authentic  result,  namely,  that  only  3G  per 
oont  of  the  heat  rava  striking  Iho  earth  verttcallj'  are  trans- 
mitted to  ite  surface^  waa  provisionally  admitted  by  Wilsen 
and  Gray,  aud  after  having  ntade  careful  allowance  for  various 
kinds  of  pOMaible  error,  they  arrived  in  1894  at  an  elective 
sol&r  temperature  of  3700°  0.  SabstitutLng  Langley'a  value 
for  terrestrial  atmoapheric  absorption,  and  working  up  fresh 
experimental  data,  Mr.  AVilson  in  1901  reduced  this  tigure  to 
S590*,^  which  probahly  underestimates  the  truth.  At  some 
Buch  inconceivable  degree  of  haat  the  undimmed  photospheric 
clouds  glow, 

Thia  is  not  olL  The  value  just  given  belongs  to  an  ideal 
rtratnin  in  the  stm.  It  otands  for  the  "elective/'  not  the 
lOtoal  temperature — the  temperature,  that  is  to  say,  which 
should  be  ftttributed  to  a  aurface  of  standard  radiative  capacity 
sending  out  the  measured  quantity  of  heat.  Now  it  is  certain 
chat  the  photoB]>here  falls  very  far  short,  in  emissive  power,  of  ita 
tmagiiiary  aubfititute.  Thei«  is  no  such  thing  in  nature  as  a 
■■  perfetly  black  body,"  or  ita  correlative,  a  perfect  radiator, 
tbe  efiiciency  even  of  lampblack  being  only  six-tenths  of  what 
it  ifi  aasuiDed  to  be  for  purpcees  of  calculairion.  And  the  sun 
ifl  unlikely  to  be  85  good  a  radiator  as  lampblack.     Tt  must 


'  YoQO^,  Th*  Svi,  p.  20-J-  ^  J'A^-  Ttotu,  vol.  cUtxv.  p.  3US. 

'  FW.  Ua'j.  voL  viiin  pp,  321,  550. 
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then  be  hotter  in  proportion  to  iba  inferiority,  but  to  what 
ejitent  it  falla  ehort-  of  the  ideal  standard  romaine  undcter- 
miaed.  It  must  also  be  very  une(^ually  hoL  The  brilliant 
granules  ^ving  ita  liocculent  appearance  to  the  photosphere 
riidiate  much  more  intenaelj^  than  the  grajr  interRpaiceH.  Henct 
computed  temperatures  represfcut  au  average  higher  thau  pre- 
vails in  eorae  formations,  lower  than  b  osaignaUe  to  othera. 
It  IB  noticoablo  that  eever&l  corrections  based  upon  recant 
improvements  in  experimental  data  tend  to  enhance  our 
conception  of  the  tremendoua  enei^  of  solar  heat, 

Le  Cimtelier's  method '  of  empkying  the  intensities  of 
selected  raya  in  varioua  light-Bources  as  a  criterion  of  tetnpera- 
turo  giive  7600'  C.  lor  that  of  the  eun  (uncorrected  for  eolar 
absorptioa).  It  is,  liowover,  of  doubtful  validity*  A  parallel 
line  of  I'Gsearch  was  opened  by  Laogley's  egtablishment  of  the 
priitciple  that  tRmparature  is  connected  by  a  definite  relation 
with  the  WBve-lengtli  of  uiaiimum  energy  in  the  Hpactnim  cf 
a  radiating  body.  Divergent  views,  nevertholeas,  prevail  as 
to  the  form  of  the  relation.  Michelson  -  and  Eubens*  agree 
that  the  wave-length  of  most  powerful  emiBsion  varies  in  length 
invertialy  aa  the  equare  root  of  tha  temperature,  while  Paechen 
and  Wien ''  maintain  tliat  the  Hinijile  inverF*  ratio  tallicfl  more 
closely  with  facta  The  outcome  in  determiiLaticna  of  the 
saa'a  heat  dilfera  of  comae  vastly  with  the  law  chosen.  From 
Michelson's,  H.  Ehert  deduced  in  1894  a  temperature  of 
40,000°  a,  but  added  the  qualiiying  remark,  ^  The  parts  of 
the  son  to  which  this  value  applies  belong  to  the  more  interior 
regions;  they  are  at  any  rate  deep  under  the  reveraing  layer, 
and  therefore  probably  below  the  photosphere."^  Now  sub- 
photoapheric  heat  may  be  of  almost  any  intenwty;  bence  the 
result,  although  not  very  informing,  is  Bale  to  bo  in  some 
sense  correct.  Paachen,  on  the  other  hand,  obtaioed  the  low 
value  of  5130".  It  might  be  added  that  the  law  upon 
which  he  relied  is  suspiciously  simple,  '*in  view  of  the  known 
complexity  in  the  radiation  of  a  solid  body,  and  the  various 
ratea  of  increment  with    temperature  attaching  to  different 

*  Ompfw  litrdtts^  t  ciir.  [i.  3S7,  lft»9. 

>   W^^  Antu  Bd,  liii.  p.  2fli,  18H» 
'  AeCroph.  JifUm.  toIb.  ii.  p.  S02,  i,  p.  iQ,  xl  p.  2S8.        '  Ibid^  toI.  11,  p.  B7> 
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It  seems  to  be  one  of  thoBS  formubs  which  cannot  bo 
out  of  eight-  They  u.re  not  trt"-  enntujh  to  bear 
extcDBiati  iuto  regionB  beyond  experience.  Useful  over  a 
iboderate  compass,  they  prove  treacherous  adjunctB  to  investi- 
gatioQ.  Ditticultiea,  Lniieed,  all  but  iASuperable  hamper 
4U«iQpt9  to  infer  the  solar  temperature  from  comparisons  of 
fpoctr^l  eoargy-curvea.  Unexpected  p^juliarities  are  found  to 
charactcriHe  the  modee  of  omtfision  of  solid  bodies.  Even  con- 
tinuous speetni  are  to  some  bXteiiL  disttucLive.  Thua  tlifi 
suae  qiiAiitity  of  energy  ie  very  difTerently  distributed  in  the 
rajTB  oent  out  rtspcc  lively  by  polished  and  lampblacked 
plAtinum,  by  carbon  tiUmouta,  copper,  and  iron  osddea ; 
while  ^th  &n  equal  increuBo  of  energy,  the  distribution 
beoomee  diversely  modified  for  each  subaUnce,  For 
each,  tb&t  is  to  tiay.  the  muximimi  ordinate  of  the  entir^- 
cane  creeps  upviard  at  a  different  rate.  In  the  ubseiLce, 
(ben,  of  precise  knowledj^'c  as  to  the  compoaition  find 
eondition  of  the  photosphere,  inquiriea  as  lo  ita  tempera- 
core,  based  on  this  principle,  are  futile.  We  should  first  need 
to  be  aoquiiinted,  in  Profesaor  Very's  words,  with  "  the  selec- 
tive nuliatiiig  jmwer  of  the  sokr  photosphere,"  ^  Generaliaxi- 
tioaa  are  here  einiuenlly  unsafe,  since  laws  of  radiation 
\fenved  from  the  eT^periments  with  ono  kind  of  material  are 
by  CO  means  certain  to  prove  applicable  to  othcra.  Peaidea, 
lie  "absolute  solar  spectrum"  (as  Lant-ley  calls  it)  cannot  be 
directly  otjserved,  nod  the  shaj*  of  ita  reprise  a  tw  live  curve  is 
most  materially  altered  by  the  effecta  of  absoqition  in  the 
solar  atmoaphero. 

On  the  whole,  the  straightforward  plan  of  attack  on  the 
problem  of  the  eun  b  heat  seems  the  most  promieiug,  MesBrs. 
WildOQ  and  Gray's  practical  operations  left  little  room  for 
impirovtmeut,  nnd  the  uncertainties  affecting  UiBir  final 
result  will  gnidually  dimiuisli  with  the  pi  tigress  of  other 
kindA  of  research.  As  higher  temperatuiea.  for  instance,  are 
btought  imder  command,  the  range  uliowed  to  perilous  pro- 
rnicp  of  "extrapolation"  can  be  reatricted.  And  improve- 
meDts,  sore  ere  long  to  be  realised,  in  the  value  assignable  to 
l«nuriQ    atmoapheric    abnorptiion,  will    ef[^tually   reduce    the 

■  F-  W.  Vsrj.  Attroph-  /oi/nt  vol.  ii,  p.  3!7, 
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marginal  errors  attached  to  present  eHtimaCea  of  blie  priinitii 
heat-puvfer  of  the  Buu. 

Fluctuations  in  tbe  eua'fl  beat-power  must  be  regarded  as 
possible,  and  th&y  might  }«  either  irre^ar  or  periodical 
Indeed,  the  euperposition  of  both  kiude  of  chauge  would 
perhapB  ba  more  likely  tlmn  the  acdorronee  of  either 
separiitel/.  Their  detection  woviLd*  in  auj  case,  be  extremely 
difficulty  although  it  la  not,  in  Messrs.  Wilaon  and  Oram's 
opinion,  to  be  regarded  as  hopeleae.  The  required  measures 
would  be  simply  differential;  and  differcuUal  meiteurea  escape 
many  of  the  snares  that  hamper  the  execution  of  absolute 
uieftBurea.  But  coLaparisona  in  this  matter  are  reudercd 
alinoEt  nugatory  bj  inconstancy  of  weather.  Yariationa  in 
the  "eolar  constant,"^  evou  if  real,  would  probably  be  maakcd 
by  local  and  temporary  cbangca  in  the  diathermancy  of  th^ 
air.  ProfesflOT  Very  holds  that  "under  these  circumataaces 
refinements  in  actinometry  are  of  small  avail,"  ^  and  he  suggests 
"  that  the  probleiu  will  have  to  be  solved  entirely  by  meteoro- 
logical methods." '  "  If  temperature  and  humidity  obBerva- 
tiouB  could  be  collated  from  the  logs  of  Tessole  crossing  the 
torrid  zone,  GBtimatcs  of  oceanic  evaporation  trom  doj  to  day, 
combined  with  rainfall  measures,  might  lend/'  he  believes, 
"  to  the  detection  of  the  variation  of  solar  radiation."  But 
the  chance  of  their  doing  so  appears,  all  things  conaidered,  to 
be  incalculably  small.  The  elements  of  disturbance  are  too 
numerous  and  too  strong  to  permit  the  emergence  of  the 
elighl  residual  offocts  looked  for.  Far  profemblo  appears 
Piaazi  Smyth's  plan  of  eat-thiug  thermometera  deeply  enough 
to  be  iujieeesaihle  to  HuperfldiLl  viois^itudea  of  temporaturs^^H 
And  it  can  scarcely  be  without  significanco  that  the  readings^^ 
of  these  buried  on  the  Calton  Hill  showed  osciUaticn^  co- 
incident in  period  with  the  Bun-epot  cycle,  i 

^  The  "flalarbvuaUnt"  U  tlie  niricibcr  ufumla  o(  hi^t  put  unit  of  am  wliioli 
Tonlii  ha  rocHived  In  unit  of  rime  bj  the  eart]/*  Hurfaca  If  He  atnuMphem  ware 
tetnoTed-  Tho  mfHt  npjifovai  palue  ia  tlira*  (anmll)  cilnnea  per  «]U4re  eonti- 
metre  per  minuto,  i  "smiiU"  ^akiie  ht-jag  tho  i^ukntity  <it  hoJit  »ijuifljta  to 
raise  ous  grtmitiD  cf  watur  one  doj^^e  ccnti^^tude. 

'  llonce  SttTfMifllTt*  «i])trimflutflj  according  to  wUicH  tli«  solar  energy  pro-        i 
grottivulj  augriiQUtod  wJtU  tbu  LDcr»aa  m  the  uuiiibur  of  spots  iu  thfl  jeani  1A90, 
IBfll,  and  ieu2,  are  siiggB-itive  mtlier  ihau  oonflaBive  ^Ct7ftJ>fea  lUndia,  t.  civui. 
p,  82,  Uld  Aatn^h    JuJint.  va\.  liii.  |i.  34fl). 

■  Atinph.  J<Jurn.  vol.  vU,  pp.  256,  281. 
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AbnqjtioQ  id  the  eun's  Atuiospliare  may  also  prove  to  be 
TUiftbl^.  Aud  here  ag^m  difierent^ml  obeeryatioEH  should 
suffice  to  teet  the  qaestion.  They  were  unclerteken  by  Wilson 
md  Bambatit  id  1S93,  but  rcLinquiehed  alter  ono  eerioa  bwi 
been  made.  The  method  employed  wqb  to  paaa  an  image  of  the 
mn  across  tbe  radio-micrometer,  tv hilo  the  motion  of  &  spot  of 
limelight,  reflected  from  the  mirror  of  ^h1>  instrumeiib,  n3corded 
the  chftHgiDg  amounts  of  heat  received  from  the  different  parts 
ol  tha  diac  The  intention  was  to  obtain  such  "curves  of 
absorptiou  "  frc^^uantly  throughout  uu  cleven-yBJir  cycle,  and 
thus  determine  the  qneation  of  coneurrent  fluctuations  id 
depth  of  the  absorbing  envelope.  "If  we  find/'  the  authora 
wrote,  "  that  Huch  changes  are  hiking  place,  as  would  be  shown 
by  the  alteration  in  the  ratio  of  tbe  beat  iiom  the  liinb  and 
centre  of  the  disc,  we  think  it^  mil  be  quite  posaiLle*  by  an 
investigation  of  the  co-ordinates  of  tbeao  curvDs,  to  detenuine 
thti  chjinge  in  the  value  of  the  Bolar  oonet^int."  ^ 

Tbia  theureticMil  posaibility,  u^vertbeluss.  iit  still  a  long 
way  from  realisation.  Divers  indications  lead  ahaoat^  irre- 
fiitftibly  to  the  coDcltision  that  the  sun  ia  hotter  at  certain 
titnea  than  at  others  ;  and  lYofeaaor  Young  counts  it  as  "  one 
of  the  most  important  and  diiUcuh  problems  of  solar  phyaicfl 
DOW  pending  to  determine  tbe  actual  amount  of  these  varia- 
tiona  and  aacertaiii  the  lawH  that  govern  them."  But  they 
iie,  as  we    have    partly   seen,  disgui»e<l    by   manifold    com- 

pliC&t30D& 

The  one  deof  upshot  of  inquiriee  into  the  temperature  of 
tbo  eon  is  to  show  that  it  stands  high  above  the  boiling 
points  of  tbe  most  refractory  among  the  chemical  elemeata. 
The  fact  ift  embarrassing,  but  omiiot  lie  evaded-  Apart  fnim 
it«  consideration,  no  theory  as  to  the  nature  of  tbe  pholo- 
Bphere  is  of  the  slightest  value.  And  it  is  no  easy  task  to 
frame  one  bringing  it  into  harmony  with  other  ciroumatancee 
equally  well  aasured,  and  equally  rigid  in  tb^  conseqnencea 
Tliree  alternative  hypothesis  may  be  said  to  esJiaust  the 
ponabilittea  of  the  subjecL     They  ai^e  as  follows: — 

1-  The  photospltere  is  a  surface  of  wjudeosation  for 
:nown  materials  cap.iblo  of  maintai[Ling  the  liquid  or  Bolid 
at  a  trauBceiident  degree  of  heat. 

^  J'roc.  JSofrii  iruA  jicnd.  toL  ii.  \k  298,  tliird  aoriu. 
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2.  It  is  a  surface  of  condensatioo  for  known  materials 
under  unknown  conditions. 

3-  It  is  CO  true  surface  of  coadenflation,  the  sabstanee« 
composing  it  being,  altlmngh  viscous,  atilL  vaporous. 

Now  each  of  theae  explanations  is  largely  an  appeal  lo 
ignorance*  and  ao  iai  fic&Tcoly  deserves  to  be  ranked  afl  an 
erpUuation  at  all.  Yet  one  of  them  muEt  be  fundaioGntally 
true.  The  firet  may  be  dismiased  as  contradictoiy  of  a 
strong  consensus  of  evidence.  The  third  involves  glaring 
incongruiLieH,  boLh  with  what  can  tie  seBii  and  with  what 
must  be  inferred.  There  remains  only  the  eecond.  We 
seem  bound  to  adopt  the  view  that  the  eun  is  veritably  clothed 
in  a  kind  of  cocoon — a  web  of  ineandoacent  filaments.  It  is 
perhape  of  mixed  composition.  The  surface  ia  irregularn  It 
comprises  "fieece-like  floors''  at  apparently  diflbrent  levels. 
Poaaibly  they  represent  the  suceesaive  coudenaiitiona  of  various 
subatancea — silicon,  carbon,  titanium,  vanadium^  pUtinum,  to 
mention  a  few  of  those  most  resistant  to  heat.  The  diverdty 
of  their  emissive  powers  might  contribute  to  produce  the 
tonings  brought  out  in  photographs  of  the  disc,  and  the 
arrangement  would  he  analogous  to  the  eurmised  replacement 
in  our  upper  air  of  a(iiieous  by  carbonic  acid  cloud -Selda. 
But  the  postulated  "unknown  conditions"  needed  to  enforce 
condensation  at  the  enormous  temperature  of  tlie  photosphere 
may  long  continue  to  battle  the  ecientitic  imagination. 

A  darkening  of  the  sun's  disc  towards  the  limb  ia  obvious 
telescopically,  und  eonspicuouK  photographically,  Ita  amount, 
measured  by  Poitguer  in  1729,  furnied  the  basis  of  Laplace's 
calculation  that  the  arrest  of  light  indicated  was  no  lesa  than 
eleven -twelfths  of  the  entire.  The  data  were  correct,  but  the 
result*  owing  to  certain  mistaken  assumptions,  was  greatly 
in  error.  Modem  authorities,  nevertbeleas,  are  far  from  being 
unanimous  on  the  HubjecL  Pickering  iinds  that  the  intrinsic 
lustre  of  the  sun  exceeds  its  apparent  lustre  four  and  two-third 
timea;  the  disparity,  according  to  Vogel.  is  about  two-fold. 
Therc  are.  however,  distinctions  to  be  made.  The  absorption 
in  the  solar,  ae  in  tho  torteatriaL  atmosphercj  is  markedly 
BBleetive.  The  brunt  of  its  attack  falls  upon  the  most 
refrangible  rays.  Father  Secehi  noticed  in  1870,  and 
Professor  Langley  again  in  1875,  that  the  light  from  the  limb 
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is,  in  eoQseqnence,  tinged  with  chocolate  browD.  while  that 
from  tlie  central  parte  of  the  d\5c^  ^ame  bluish  by  ccmpiuiecii. 
This  general  iadication  was,  in  1877,  unalysed  hy  Dr,  Vogel,' 
who,  by  detaileil  iiieasuremeDta  with  a  sjiectriLl  |ihotoiimter 
conatmcled  on  the  jwlarising  prindyile,  aaceitained  that  30 
per  cent  of  the  rt'd,  but  only  13  per  cent  of  the  violet 
tnArgioal  ra^a  penetrate  the  Boltir  atmoBphoren  Hence  an 
*ll«Mtioii  in  tint  corrospondiQg  Id  its  mode  of  origin  to  the 
mddy  flufTusion  of  the  setting  sun.  Now  Seeliger  hns  pointed 
out  that  selective  abaaqitiou  impliej^  a  ujedium  of  high 
re^actire  power;  but  equiyalent  conditioDG  might,  according 
to  E.  Toa  OppoUer,^  be  sappLed  by  "a  rare  utmosphere  in 
which  flying  pai'tnlea  are  suepended."  It  ia,  beyond  doubt, 
&D  exc(>ediiigly  ah^low  one,  Tbia  was  infen'ed  by  Vogel  from 
ihe  rapid  degradation  of  liyht  towards  the  edge  oF  the  diao, 
and  it  is  renderud  pitaut  to  seiifie  by  the  brilliancy  of  fjLCular 
eanunite,  which,  rising  above  the  absorptive  strata,  Ehine 
unveiled  against  the  duaky  limb.  Obviouflly,  then,  the 
darkening  effect  is  produced  hi  the  immodiatL)  neighbourhood 
of  Uie  photosphere.  It  cannot  be  due  to  cool  gaeee,  and 
Mot  gases  stop  light  distinctively  in  isolated  beams.  An 
attemative  hy^mthe^is  waa  sug^sted  t^tunt:  tiine  agii  hy 
lYofeflSor  Haatingfl  of  New  Haven.  The  aun's  so-called  "  atmo- 
sphere" is,  in  this  view,  nothing  more  than  a  smoke-laden 
0ttntiiitL*  Minute  eolid  particles  of  carbon  or  silicon,  carried 
upward  from  the  pbotospherie  clourls,  are  the  agenta  of 
obttenratioo-  The  assumption  of  a  solar  jinalogue  to  a  London 
fog  is  c«?rtaiu]y  a  ilaring  expt'dieat,  yet  none  njnreHatiBfactory 
ia  *t  present  available. 

The  aun'a  "veil"  ia  icde^  particularly  dilhcult  to  fit  in 
with  the  rest  of  its  tfconomy.  It  manifestly  e^dstSj  and  the 
poeition  seemingly  pi'eecribed  for  it  ia  between  the  photosphere 
and  ihe  reversing  Ijijer.  idLbougJi  Dr  Scheiner  prefers  to  place 
it  in  chromofli>heric  regions.*  In  aome  torrid  locality,  at  any 
rate,  it  exercises  a  kind  of  action  characteristic  of  cool 
sobetancea.      Ite  eompositicn  out  of  reErigcratcd  matcnala  is 


1  JlffnaUbtrvhU.  htsrVm.  1877,  |i.  104- 
■  Jdr^/p/l^  Jotint.  vyL  i.  f,  fl«l. 

'  Ptvamiin^Awvr.  Aotd.  (/ariimw,  iSflO  ;  Arnti:  Ji'Km.  t^f  Stionoc,  vol  Hii 
H  41,  ]§ai.  ■  StmMIiiHV  ntd  Tentperalitr  [fcr  SmnC.  p.  49. 
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strongly  indicated.  The  refrigeration,  however,  may  be 
exceBBivGly  IranaieDt  aa  regards  each  individual  j;]artide, 
although  permanent  in  their  aggregate.  The  general  effect 
ia  to  tUminiah  the  aun'fc  heat  by  one-third  or  ooe-half,  uud  ite 
light  by  fully  two-thirds,  with  on  attendant  cLange  to  pale 
primrose  of  its  originfil  glacier-green  tint, 

AmoD^  the  ntHny  i;iji[rmaa  of  Bular  physics  there  is  none 
more  cimooB  or  more  erasiye  than  that  which  confjonts  ua 
in  thla  intimate  appurtenance  of  the  photosphere.  Even  the 
lines  of  approach  to  it  are  very  few.  Yet  some  are  praetic- 
able,  nud  almoet  untned.  Besearehea  of  a  special  kind  Into 
the  Bpectra  of  suD-spcts  should  help  towards  ita  elucidation; 
still  more,  perlia^e,  eareful  fl^>ectroi*copie  wimpariBoria  with  the 
obscurer  interetitial  spaces  of  the  brilliant  granules  strewing 
the  aolar  surface.  If  theae  are  relatively  dark  thixiugb  & 
mure  lowering  of  temperaturo,  then  little  can  be  learned 
them  in  this  eonnectioiu  But  if  they  are  dark  throng 
increftsed  absorption,  it  will  be  important  to  detennt 
whether  the  absorjitton  corresponds  to  that  protluced  by  the 
problematical  '*  veil"  Are  tbey,  in  other  words,  aoka  for 
solar  sooti  Do  they  mark  the  lines  of  subsidence  of  the 
same  refaao  materials  which  by  their  interposition  dim  and 
tarnish  tJie  shining  face  of  the  fiun?  A  definite  reply  to  the 
question  would  bring  us  preceptibly  nearer  to  the  goal  of  onr 
inquiries  into  the  nature  of  the  sun's  "smoke''  envelope. 
Wbat  cannot  be  doubted  is  the  importance  of  its  function  aa 
a  regulator  of  the  sun's  output  of  cnei^y.  This  has  for  the 
first  time  been  adequately  discuaeed  by  Dr>  J,  Eialm  in  a 
paper  incorporated  with  the  Annals  of  the  Bmfal  OhservatGry, 
Edi'Tihurgh}  His  Views  on  the  subject  demand  carefol 
consideration. 

»  Vol  i,  p.  U.  ]902h 
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penumbra,  nor  the  penumbra  into  the  photosphere;  the  lined 

of  demaieation  are  as  sharp  as  the  edge  of  a  cascade  Tbeir 
darkntifts  is  imleed  liccentLiuted  by  the  i:iih»Qi!ed  brilliitncy  o1' 
the  regioikfi  invaded  b^  them.  An  immense  area  of  disturb- 
ance usually  euTTounds  an  active  Bpotj  and  this  area  ot 
disturbance  is  also  an  area  of  ac^tual  elevation.  A  series  cf 
micro  metrical  meiiaures  carriod  out  by  M.  Sykora  of  the 
Charlcow  obearvatcrj  in  1896  showed  that^  as  a  very  general 
rule,  the  sun's  diameter  is  lengtheiieil  in  the  direction  of  a 
spot  on  the  limb.^  The  fact  is  most  significaDt,  for  it 
indicates  relief  of  pressure  as  perhaps  the  cause,  and  certainly 
as  an  accompaniment  of  solar  outbreaks,  and  thereby  ofisociatee 
them  with  volcanic  esplosionB,  Now  a  region  lifted  ie,  on 
the  mm,  a  region  brightened,  the  effoctB  of  ahsorptioa 
diminishing  with  the  rise  of  level  Hence  the  exceptional 
rividaesa  of  the  photosphere  in  a  spotted  neighbourhood 

Foculie  gain  higlier  altitudes,  and  ore  consequently  still 
more  histroua  They  are  like  the  summit-ranges  of  a  table- 
land.  Their  connection  with  epote  ie  intimate,  hut  not  in- 
separable. Every  spot,  it  iB  tnie,  chiinis  a.  riittnue  of  faculffl; 
but  faculaj  exist  abundantly  where  Lliere  are  no  spots.  Tt  is 
a  moot  point  whether  spota  can  come  into  bebg  apart  from 
preceding  facular  disturbance,  *' Which  is  the  forerunner  cf 
the  other?  "^  is  a  question  not  to  be  answered  off-hand. 
As  a  rule,  the  embryo  spot  has  apparent  priority.  The  rule, 
however,  ia  not  invarinble,  and  the  priority  recorded  may 
often  be  illusory,  facidai  being  extremely  Eivaeive  of  observa- 
tion. Their  aorvival,  ou  the  other  hand,  after  the  opemnga 
onsvreathed  by  them  hove  cloeed,  is  obvioiia  and  ccmatant. 
The  complex  relfllioEB  of  the  two  kinds  of  phenomenon  must 
be  unravelled  before  the  nature  of  either  can  be  thoroughly 
understood. 

Fhotospheric  structure  is  very  curioualy  modified  in  the 
penumbra  of  spots.  The  roundish  granules  of  the  unbroken 
surface  socm  as  if  drawn  out  into  Ihreade,  which  lie  side  by 
Bide,  pointing  ludiallj'  inward,  and  overhang  the  umbra  with 
ragged  edges,  compared  by  IDawes  to  those  of  an  untrimmed 
straw-tliatch.     And  the  eaves  of  this  luminon^  thah^h  are  its 

^  Aair.  :{hth.  Noa.  aaao,  3410, 
■  R«v.  W.  fildgrcflvea,  Astr.  aiut  Jitrfjihysia,  vol.  li.  p.  212. 
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IffighteeC  put,  pOBSibly  because  of  the  crowding  together  of 
materiflJa  forced  into  a  narrow  cu"ciilar  space.  The  whole 
vStKt  suggests  the  eubjection  of  viscid  maBBea  to  a  pulling 
Action  emanatiog  from  the  centre  of  disturbance,  by  which 
they  are  stretched  and  carded  like  wool-Hodce. 

The  umbra  of  a  eun-spot  ehows  a  cloudy  texture,  markedly 
onlike  tbc  etreaky  aspect  of  the  penumbra.  This  urn  be  per- 
oeiTed,  however,  only  when  the  eec-ing  is  exoeptionally  good. 
The  ordinary  impression  is  of  uniform  and  very  profound 
darkneKi.  Contrast,  indeed,  greatly  bei^ditens  ihia  effect.  The 
obocunty  is  only  comparative.  Mr.  Everehed  estimates  the 
light-emiAfnonB  from  umbie^  qa  varying  from  about  one- 
twectietb  to  one-hundredth  those  of  the  dazzling  photo- 
jpherd/  and  when  intersected  by  the  black  advancing  moon 
daring  the  progreea  of  a  total  eclipse  they  seem  dully  bright,* 
Tet  with  differences.  They  are  rarely  of  the  same  tint 
throogbout^  Dawes  perceived  in  1852  a  "  black  opening  "  m 
Ihc  ombra  to  be  a  cliaracteristic  of  all  wc Undeveloped  spots- 
It  can  only,  however,  be  discerned  visually,  and  that  by  the 
ud  of  special  precautions;  the  seunitive  plate  t^ikes  no  notice 
of  this  deeper  depth  cf  shadow,  which  has,  accordingly,  received 
Bomewhab  Less  attention  than  it  deserves.  Fortuuately 
cye-and-hand  portrayals  still  continue  to  be  made,  and 
they  not  infrequently  afibrd  valuable  records  of  the  Dawea 
pbenomencn.  M,  de  Pcreira,  a  Portuguese  observer  at  the 
Ajtorea,  wrote  as  follows  of  a  groap  which  came  into  view 
20th  April  1895 :  "  The  sense  of  a  cavity  in  this  sijct  is  un- 
mistakable, as  though  the  crust  of  the  sun  were  torn  and 
scratched,  and  the  black,  or  rather  dark,  onder-skin  were 
visible  beneath.  Definition  on  this  day  was  the  best  I  have 
ever  seen,  enabling  me  to  make  the  smallest  detail  reliable. 
On  the  24th,  this  same  spot  showed  a  conspicuous  black  hole 
in  what  I  may  call  the  centre  of  gravity,  a  d^Lzzling  white 
bridge  crossing  it  from  south  to  north-cast,  and  n  sniitUer  one 
lying  on  the  northern  edge  of  the  abyss,  the  brims  being  full 
of  corioufily  intertwined  points  of  photospherio  matter."  *  The 
chief  member  of  the  splendid  group  visible  in  the  sun's  Bouthem 

>  jtUrvph.  Jfum^  vol.  v.  [>,  250 ;  Obtcrvalorv.  vol.  iii,  p.  4W. 
■  Mttaoirt  ffrii,  Aatr.  An.  *d-  t-  p.  84. 
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hemiEphere  during  the  la^t  h&lf  of  February  1S94  bad  nlso 
nu  inner  nuclena^*  and  tbe  same  feature  has  been  etudied  in 
DLUDernus  examples  by  Father  Corlie,  Mr,  Maw,  and  others. 
It  is  commonlj  asflociated  with  the  presence  of  "bridges/'  and 
both  belong  character laticallj  to  the  £nal  stages  of  active 
Bpots,  Bridge- building?  ie  jjreliminary  to  the  indraught  of 
luminous  matter  bj  vrhiob  photospherio  breaches  are  closed ; 
it  iiiigbt  be  compared  to  the  trickle  under  the  dyke  that 
preludes  tha  rush  of  inuiidatLng  wateiK     The  proc^fiH  is   a 


KJU.  7.— riJMU>KKil'l>  ol 't  i^thJKcd  B^Uii-*^(.  id'JiiiiMaiiirrujuAiutaJ'401,  vuU  lUk'  p.  Hi 


remarkablB  one.  From  ahutmentB  (so  to  call  them)  at 
oppoaitii  sides  of  tlie  umbra,  stgmenta  of  light  protrude;  then 
at  a  giren  moment  th&y  unite  with  a  leap  or  a  flaah,  and  the 
arch  stands  complete.  A  beautiful  photograph  by  Jansaen  of 
a  spot  doubly  spanned  is  reproduced  in  Tig.  7.  But  the 
ground  ia  altogether  too  darh.  The  surface  near  the  spot  waa 
dazzling,  likewise  the  facular  masses  crossing  the  nuclei. 

"  On  the  negative,"  Mr.  TbmyiirJ  wrote  in  doBtiriblng  it, 
*'the  briUiaut  bridge  which  stretches  acroea  the  great  spot  is 
Been  to  break  up  into  a  number  of  distinct  elongated  maBses." 
and  these  are  eridently  the  "rice-grains"  of  the  photoephero 


^  A.  J.  S.  AJftOOB,  JoMn*.  Brit.  A&tr.  Ja.  toI.  W.  p.  203  ;    E.  Brown,  ihid.  p. 
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Huspension  above  the  abyes- 
TliLK  kind  of  KtrructpTii-e  is  probjiblj  alwaja  present,  althoiigli 
ofteD  imperceptible.  ExceptioiLal  facilities  are  needed  to  briug 
out  the  tiner  dctailB  in  spots.  Thus  Profeseor  Young  tells  ua 
tb&t,  on  the  rare  occasions  when  powers  of  bLx  hondrod  and 
cjiward  could  be  profitably  used  with  the  twenty -three -inch 
Princeton  refractor,  he  succeeded  in  resolving  '*  the  apparently 
dnb-like,  almoat  hiilboiJH  ends  of  the  penurnhral  Ulaments" 
into  "  fine  aharp-pointed  hook^*  reminding  oue  of  the  curling 
tipe  of  tiamee,  or  ^roaa-bladea  bending  over  Ordinarily,"  be 
adds,  "  they  are  seen  iie  club-like  eimply  l)ecnuBt'  of  their 
brightnees  aod  the  irradiation  and  diftraction  effects  of 
moderate-sized  object-glaeses," ' 

The  connection  of  "bridges"  with  "Mark  holes"  waa 
tentatively  explained  in  a  valuable  paper  presented  by  Father 
Cortie  to  the  Bcyal  Afitronomical  Society,  11th  May  1900. 
Ho  ccDsidera  that  trhe  Latter  may  he  the  portions  of  the  umbra 
left  unooverod  by  "  faciiloua  veila/'  which,  extending  from  the 
penumbra,  not  unfiequeotly  lighten  up  certain  regions  of 
nuclear  gloom,  leaving  otlierti  more  profoundly  dark  by  contrasts 
Now  the  relalionahip  between  "  veils "  and  '*  bridges "  ia 
obviouMy  quite  close.  Both  represent  Lummous  invodonfi, 
olthongh  differently  organised  and  conditioned,  and  both  are 
heralds  of  decay.  Their  kinship  is  oti  occasions  emphasifled 
by  the  development  of  one  from  the  other.  Twice  at  least, 
in  1865  and  ISfiG,  the  transformation  into  "  ros&ate  veils"  of 
bhlUant  orchea  apauning  the  umbtfti  of  spots  waa  ol>3erved 
Father  Secchi  at  Kome.'  He  waa  quite  positive  about  the 
lour  of  these  '^veile,"  which  seema  to  intimate  for  ihem  a 
gaseous  nature,  assimtkting  them  to  promineitces  rather  than 

to  fftCultf,' 

Saa^BpaLs  are  rarely  solitary.  They  ordinarily  appear  in 
clusters  or  procoBsions,  consisting  of  one  or  two  dominating 
members  and  many  satellitee,  down  to  mere  umbral  dots  and 
penumbral  scraps.  Individual  spots  ahow  endlcsa  varieties  of 
eonfonnaUon.  The  nuclei  are  ofttn  midtiple;  as  many  as 
uioe  iimbre   have   been  seen  witliiii   the  compass  of  a   single 


«  T^f  s;*n,  p.  las.  »  K  nir^*,  p.  fl2,  fl<i.  iss*. 
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hy  the  late  Itfigs  E  Brown,  L5lh  August  1894.  She  descrifieil 
the  group  aa  coveiiug  "a  v^sb  e:(t«nt  of  surface  with  a  maaa 
of  tmdci  and  penumbra  partiftUy  connected  and  very  variable 
in  fbr&L**  A  few  houra  later  tbo  largest  nucleus  hod  assumed 
A  helical  form,  and  &eomed  to  be  *' throwing  out  feelers  like  a 
jelly- "iflU/' '  Strong  hydiogen  incaudescence  was  apectro- 
BCPpicaUy  perceived  to  be  an  accompaniment  of  th^se  rnpid 
cluugu.  The  j^reat  gpot  of  September  1898  had  in  ita  deelin- 
ing  stage  a  nucleus  divided  bj  interaectiug  bridges  into  three 
lobee;  it  aaeiUDod  on  3rd  October  the  shape  of  an  ace  of  clubo.^ 
Mr.  iUw  perceived  in  the  same  object-  on  llth  September 
ddicate  Teina  of  comparative  brightness,  termed  by  him  "sab- 
merged  bridge&""  Indeed  he  believes  this  to  be  a  constant 
fixture  of  large  spote,  tha  umbr^  of  which,  viewed  with  a  euit- 
able  eje-piece,  appear  no  longer  umlbrinlj  dark,  but  marked 
with  fine  troceriea  in  chiaroscuro.  These  cannot  at  present 
be  photographed,  and  their  visual  detection  accentuates  the 
mdispenaable  cooperative  fnuctione  of  the  eye  and  the  sensitive 
|»Ut«, 

The  level  of  Bun-spots  has  once  more  become  a  subject  of 
Active  debate.  Yet  it  wae  believed  to  have  been  determined 
octce  for  all  in  the  eighteenth  century  by  the  geometrical 
Itmionin^  of  Dr.  Wilson,  The  characteristic  perspective 
fiflbotis  of  depTvasion  IjcIow  the  sarfjtce  were  noted  by  him 
in  a  wc^ll -developed  spot  as  it  circuited  the  sun's  globe  in 
November  1769,  and  the  saucer-Tike  conformation  of  all  auch 
objecta  was  univer^Uy  admitted  for  a  hnndred  years  and 
npwardSi  not withst Landing  freqiteot  failures  to  verify  the  due 
optical  coDsequences  of  their  ohanging  eituatione.  At  last, 
bovever,  this  "  vena:"jibJe  theory  "  (as  Profeaaor  Froet  calls  it) 
has  he^D  uprooted  from  the  Aoil  of  i-orivictfou.  It  is  denied 
by  many  on  geometrical  grounds  alone ;  by  some  on  physical 
grounds  as  welL  Not  that  it  has  been  finally  discjvrded,  but 
tte  creilit  is  gruvoJy  impaired.  Certainly  all  spots  do  not 
Mit>y^  its  prescriptions  ;  probably  very  few  strictly  comply  with 
ibem.  Irregularities  of  fonn  account  for  a  good  many  of  these 
davUtions^  but  others  cannot   be  so  readily  exploioed    :iway- 

'  MtMt^nSrif.  JHf.  Alt  toI.  It.  p.  9^ 
>  Uunder.  Ohtirvator^,  rol.  xtt^  p.  403. 
*  7M4  p.  102,  vol  niii.  p.  333, 
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Mr,  F.  Howlett,  in  offering  to  the  Royal  Aatroooraieal  Society, 
14tb  Deceiiil>er  1394,  three  volumes  of  diawings  rapreseuting 
the  fruits  of  thiity-five  years  of  flolar  Bcrubiny,  declared  un- 
compromiamgly  that  the  Wiiaoaian  view  miiat  be  abandoned.^  ^  ^ 
Fathor  Cortio'a  oxammation  of  thorn  convinoed  iiim  too  thAlfll 
"  the  pheuomena  presented   by  many  spots  are  directly  ccn-  ^^ 
trary  "  to  ttit^  curreot  hypothesis,  a  mountainous  rather  than  ^j 
a  cavemoufi  sbnicture  being,  in  certain  coses,  iudjcsted   for  thflH 
umbra.^     Nor  doea  the  umbra  usually  vatiiah  tiear  the  fiuo'a 
edge,  as  it  aliould  if  it  were  aimply  an  excavation  with  alopiDg 
aide6>       It    romaine,    on    the    contrary,    poraistontly   Tifiihle, 
although  foreshortened  into  a  blaok  line.     Thifl,  to  he  aure, 
might    he    a    simple    consequence    of   refraction    by    vapours 
congested  within    the  cavity-     Tha  expUnation  is  temptingsfl 
fiiace  it  would  avail  to  get  rid  of  many  anomalies;  still  it^^ 
must  not  be  adopted  unroaervodly.     Originally  suggested  by 
Proctor,^  it  has  been  taken  into  fuller  consideration  by  Mr, 
East*  aa  a  means  of  e^clt   from  the  dif&ciiltieH   that  hamper 
iittempts    to    conceive     mtioniilly    of     the    build     of    sun- 
epots. 

There  ia^  indeed,  preeaing  need  to  conciliate  oppoemgf' 
eT]deDC&  Thus  M.  Ricc^,"  at  Catania,  from  eleven  yeajB* 
study  of  spota  in  their  geometrical  aspect,  derived  resolts 
strongly  in  favour  of  the  Wilaonian  hypothesis,  computing 
for  twaoty-three  eepecially  symmetrical  fcnnations  an  average 
umbral  depth  of  rather  more  than  a  thousand  Idlometen^ 
Yet  the  discussion  of  the  long  aeries  of  Stonyhurst  diavringa  led 
Father  Sidgreavca*^  to  ascribe  to  most  epote  a  convex  rather 
thao  a  concave  shape.  Trofessor  Hale  ^  allowed  small  weight 
to  testimony  ao  contradictory  as  that  regarding  the  apparent  ,_ 
width  of  the  penumbra  at  various  distances  from  the  Bunll^H 
limbi  but  was  iacUned  to  conaidet  the  advocates  of  the 
Wileonion  doctrine  aa  having  rather  the  better  of  the  argument* 
"  In  any  case,"  ho  added,  "  they  will  hardly  bo  ready  to  admit 
that  the  umbra  ia  at  a  higher  level  than  the  penumbra,  for  it 
cannot  bts  doubted  that  the  peuumbral  filaiuent^J  overlie  the^ 


M 


'  fJid  and  Ntw  AAronotny,  p.  SH2. 

>  Aitrtfpfi.  Jiiurru  vol.  vi.  p.  91.  '   AfoTithly  ^'eUca,  toL  Iv.  p,  202. 


=  Ibid,  val  iTiii-  p,  &l. 

*  Kitotoiodff-',  va],  tii.  p.  h9. 
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umbn,  ami  frequently  unite  Do  form  Ijndgea  extei;diag  com- 
pleMl^r  Kn»s  iu" 

Oofi  of  th«  moat  8iitg;ul&r  det^ile  of  epot-phenomena  is  the 
oocaaosiAl  apfK^arance  of  a  large  lunbra  as  a  notch  on  the  Umb. 
Tbia  JTiiplies  lib  proJectiOD  in  a  ilarl:  mufm  ugthiust  the  sky,  the 
«U!rDBchmeuL  upon  the  hright  <^i«;  lieiog  iJerhaps  only  aci  effect 
of  initdiiition.  Its  incoDsiatenc/  with  a  depressed  form  was 
poiDt^  ottt  both  by  Mr.  Hewlett  and  by  Father  Sidgreavee^ 

Where,  then,  is  truth  to  Im  found  in  this  i-omarkable 
coQtroveny  ?  How  can  the  joatling  facta  be  reconciled  ? 
Oompromifiee  have  been  resorted  bo.  3pat8,  it  is  avurred,  are 
cknu]-like  at  certain  atagea  of  their  growth,  crateriform  at 
othereu  Or  individual  epota  belong  to  one  or  the  other  type. 
ftcem^iing  to  the  cixcumstoncea  of  their  origin.  But  these 
an  sQbteifiigea ;  let  ue  take  a  broader  view.  Tho  concavity, 
at  «ny  rate,  of  bridged  spots  is  indi^utable,  Tlie  attribution 
to  ihem  of  a  "  mountaiuouB "  {character  would  throw  the 
arrangemeut  of  their  parts  into  utter  confusion.  Moreover, 
De  U  Rue  obtained  in  1861,  by  stereoacopic  means,  ocular 
proof  of  depreaaian  in  one  ouch  object  Tho  experiment 
might  eaaily  and  usefully  be  renewed.  A  pair  of  photographs, 
taken  «  an  interval  of  twenty-Bii  minntea,  gives,  through  the 
nm's  rotBtion,  jufit  the  right  amount  of  dlETerencd  in  a^pcGt 
tor  oombination  into  one  picture  iu  relief.  The  moot  question, 
"coDcare  or  coavex/'  might  thus  receive  a  direct  answer, 
Tb«n  if ,  in  a  long  auccesBiofi  of  inBtances,  the  answer  preserved 
a  onifonn  tenour,  it  might  Bafely  be  concluded  that  anomaloud 
Appearances  of  lifted  umbi-x  in  spotn  seen  obliquely  are 
illiuory  and  of  purely  upticat  production. 

But  Wfi  cannot  even  ho  eRcape  from  the  entangleuients  of 
the  sabjecL  It  has  different  bearings,  which  have  all  to 
bo  tftken  into  account.  Spots  are  very  hot  relatively  to 
tbeir  light,  and  their  thermal  radiations  are  peculiarly  con- 
dition^ Profoesor  Frost's  determination g,'  carried  out  at 
PotfldAm  in  1892,  fibowed  that  absorption  does  not  take 
i&crcamiig  eflect  upon  them  with  approach  to  tho  Umb  to 
anftlxing  like  the  extent  that  it  does  upon  the  correaponding 
tadiations  From  the  photof^phere,     **  The  reasonable  inference 

'  Aair.  ami  Attrophyrv^^  vol,  xl,  p.  734  ;  AifrvpK.  Jovrn.  vol.  iv,  p.  *101, 


82 


PROBLEMS  IN  ASTROPHYSICS 


from  Ihis/  he  wrot*.  "  ifi  that  tlni  apote  axe  at  n  Itigher  level 
than  the  photosphere,  and  hence  less  subject  to  the  absorption 
of  the  min'a  atmosphere."  Mr,  W.  E.  Wileon'e^  more  delicate 
aeriee  of  obaervatiocfi  in  1S93-4  eLowed  lik^wiae  that  "the 
mdiAtlon  from  the  umbr^  of  epote  does  not  suffer  absorption 
when  iieur  the  Umh  in  thu  HH.me  niJinnBr  h^  &  point  on  the 
photosphere/'  Nevei'theless  Profeefior  Ijiugley  -  had  found 
in  1874-6  "the  decrement  of  heat  in  approaching  the 
limb ''  to  be  Tory  nearly  in  the  eame  ratio  for  pbotoaphere 
and  spotB.  This  da^^iant  coatradiotion  befvveen  results 
equally  authoritative  may  not  be  without  meaning,  sinc^ 
they  were  obtained  ^t  nearly  oppositH  phasen  of  rfolor 
activity :  L&ugleyX  tbree  yeara  after  a  majuniuiu,  when  it  was 
verging  towards  abagnation  :  Froata  and  Wilaon'a,  during  a 
period  of  culminating  diaiurbance.  "iTie  two  latter  recom- 
mended ey^tematit^  observations  throughout  an  eleven-year 
cycle  for  the  purpose  of  iuvesligating  the  nature  of  the 
reLitiontihJp,  and  they  nsapectively  threw  out  ihti  altf^rnative 
auggefitdons  that,  diu  ng  its  course,  the  thermal  ronditiou  nf 
apota.  or  ihe  level  at  which  they  are  formed,  may  undergo 
progressive  changes. 

A  more  pronuHing  explanation  was  offered  by  Egou  von 
Oppolaer.*  Spot  ^  umhrse,  he  reminded  petplesed  solar 
pbysicifits,  are  mirmouuted  by  ahnnmially  hot  cliromoapberic 
layers,  certainly  exempt  from  absorption.  Huni^  the  indis- 
criminalc  eum  of  their  radiations  and  thoae  of  the  underlying 
spots  gjiins  by  comijarittou  with  those  from  the  simple  photo- 
aphera,  at  and  near  the  marginal  parts  of  the  disc  Now  the 
flarnp-atTTtMim  develops  chielly  above  spots  of  an  active  type; 
and  apots  of  an  active  type  piedoinfnaLe  ateiKKshnof  muximum. 
Tble  coosidefatioQ  at  once  removes  the  diucreparicy  between 
Langley*G  results  on  one  aide,  and  Fioat'a  and  Wilaou'B  on  the 
other.  In  the  tirst  series,  abaoi'ptioa  produced  its  full  and 
due  effeets,  because  quiet  spots  being  presumably  In  question, 
no  appreciable  overlying  sourty:  of  heat  was  present.  In  the 
aecond  and  third,  the  overlying  source  wan  tm  strong  as  in 
great  measure  to  efface  the  gradations  of  beat-aLoppage 
aiiffered  by  the  object  beneatL     The  disproportionate  tliermal 

^  MordhUj  ^otiM,  ¥oL  iv.  p.  458,  ^  Ibid,  vol  xjmvii.  p.  ». 
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pcnrer  of  spots  may  be  similarly  otconnted  for.  Our  iostru- 
mentfl  laeasaro,  not  only  their  direct  nuliatiouG,  but  also  those 
Mat  out  by  ignitefi  ujaterials,  to  some  extent  eDveloping 
them. 

The  solar  rotation  is  a  subject  much  too  imporLant  to  be 
diapoaed  of  io  a  paragruph  ;  it  need  here  only  be  suid  that  a 
by-pcodoct  of  its  dctaiJed  study  has  been  to  throw  further 
doubt  upon  orthodox  opiuiouB  as  to  the  location  of  spots. 
The  rat«fl  of  axial  movement  deduced  by  StratoQofi'  and  Wolfer 
from  tbeir  progl?9sion  round  bbe  KUn  ap|)tuir,  at  least  printd 
yam,  to  ixrmpel  tUe  uiferouce  that  they  jtrc  veritably  situated 
al  a  level  higher  thai:  that  of  the  phoUiflphere/  Yet  here 
^g&in  Bomo  fallacy  ie  Likely  to  be  iuvolvoJ.  In  view  of  all 
theee  oomplicationa  it  is  scarcely  to  be  wondered  at  that  the 
WJigfi  t  ha9  almost  tiuperBeded  the  WTtat  ?  in  recent  dis- 
cnmioiiH  about  snlur  luacube.  The  upshot,  hq  fur,  fl«ems  to 
ht  that  they  ore  eesentially  depreoaions,  although  depreaaioDa 
v^rj  shallow  relatively  to  their  euperticial  extent.  Their 
abnoRoal  geometrical  behaviour  ie  due,  in  part,  afi  Mr.  Maunder 
has  suggested,  to  the  cavitiea  being  o'cer-filled,  and  the  umbrie 
(joaaequeutly  dome-ghaped  ;^  in  part  to  the  optical  tilevation 
into  view  of  bottoms  wliitih  sliciuhl,  but  Tor  refrdcLive  action, 
ba  oonoeftled  by  shelving  sides.  Their  radiative  irregularities^ 
are  explicable  by  the  influence  of  their  coronad  of  hot 
As  to  their  rotational  anomalies,  they  muat  etund 
otor  for  future  consideration ^  with  the  remark  that,  to  deduce 
Uie  position  of  epota  &om  the  degree  of  their  conformity  to 
a  Hnpponed  law  of  salor  rotation,  is  to  attempt  the  §olutiou  of 
dDB  enigma  by  propoeing  another  etill  moie  arduous. 

The  moYcmcnts  of  eun-f^te  are  cf  three  kinds.  There 
tfe  fir«t  thoae  that  belong  to  them  collectively,  as  objects 
^ttacluid  to  a  rotating  globe.  With  the^e  "we  are  not  at 
present  concerned.  Nost,  thoy  have  individual  "  proper 
motiofia"  of  transport  over  that  globe.  Finally,  they  rHow 
internal  movements  variously  conoected  with  the  proceaaee 
of  their  development  and  decay.  The  last  are  mostly  epiral 
or  eiicular,  and  they  evidently  ensue  upon  inrushes  of  photo- 
spbene  matter.     They  are  Bometimo«  performed  round  "block 

'  KroHC,  ^xtrvpfi.  JifiiffL  vol.  iv   p  ^!O0. 
^  /ftum.  Brit  Atir.  Jta.  vjL  vii.  p    V2\. 
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euoIm  "  as  centres ;  and  black  nucloi  are  probably,  as  wo  have 
Been,  intperspaces  between  obscurely  lummous  umbral  etfitRioi^ 
But  the  whirling  of  spotH  is  uot  syKtecmtic  or  innate;  it  does 
not  chsrncterisfl  them  esfltntialljr  ^  it  occurH  incitknlnllj,  aod 
vA  &  TBBult  of  disturbance.  No  fiiEod  rules  prescribe  its  mode 
or  dii-ixtion,  Oppoaite  gyrations  have  been  ainiultftncouaSj 
observod  in  different  members  of  the  eame  group  oF  umbKe, 
ftnd  even  suoceasively  in  a  single  spot.  They  are  execut*d  in 
other  casei*  intfrniittently  by  fits  itnil  starts,  A  revolution  is 
not  oPt^n  (X^iiipIeLed ;  the  deapription  of  large  angles  U 
exceptional.  Spots  cannot  then  be  de^ribed,  in  any  true 
eenae,  'ib  "  eolar  cyclonea  "  ;  the  vorticoiw  motiona  oteaaionullj 
exhibited  by  them  i^riug  from  temporitry  impul^ce,  and  eoaae 
when  the  force  of  these  is  exhaasted. 

The  prnper  motinnH  of  H[iotR  are  indicative  of  much  more 
than  has  jet  been  leurued  from  them.  Three  kinda  of 
influence  neem  to  be  effective  in  producing  them ;  namelj, 
mutual  action,  action  from  without,  and  action  Irom  within. 
Alter  segcientutjon,  in  the  first  place,  umbnQ  ropulB«  one 
another ;  they  separate  with  graat  velocities.  They  behave 
like  aimilarly  electrified  mHfla*3B^  but  whether  tbey  really  are 
such  or  not  is  an  cpen  queetioti.  In  the  second  placp,  growing 
apota  in  general  move  rapidly  forward  They  share  the 
Gommoa  drift,  but  with  an  aeceleiation  often  amounting  to 
three  or  tour  hundred  miles  an  hour.  It  eeems  as  if  cooled 
materials,  pouring  down  upon  them  from  above,  drove  them 
forward  with  the  Hdile<.l  s[jeed  due  to  a  wider  cin;le  of  rotation. 
If  this  were  actually  the  fact,  however,  miLcidar  increase  and 
macular  advance  should  always  go  together;  and  they  are  not 
uncommonly  disunited.  Proeeaeos  of  extonaion  in  apota  may 
aven  be  accompanied  by  retrogression  over  the  buh's  surface;' 
Indeed,  the  conduct  of  these  strange  objects  is  governed  by 
DO  invaiiable  rulea  Strong  tendenciea  visibly  iufluem*  it ; 
yet  none  that  are  irreaietible.  They  can  he  annulled  or 
reversed  by  couutei" vailing  circumstances.  Hence  the  special 
need  for  guarded  inferencee  in  treating  of  this  aubjcct. 

The  movements  of  sun^ote  in  latitude  are  act  visibly 
related  to  their  drift  in  longitude.  Tbey  are  highly  irregnUr, 
and  not  often  coutipiiiuouw.     Cariington,  however,  perceived  iu 

t  MumdAr,  Knoaledffi,  tdI.  irii  p,  IPS- 
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ttoa  A  kind  of  inchoate  method.  Spota,  according  to  hie 
gmeralisotion,  eituated  tvitbin  the  Bohr  tropics  (so  to  speak) 
saod  to  Approach  the  equator ;  spots  outside  the  north  and 
south  limit  uf  twenly  degreeiij  U)  dtipart  farther  from  it.  But 
the  e^doeptioQS  obsGrvip.d  Are  00  numeroos  as  sometimea  to  go 
oear  diaproring  the  rule.  Wc  haro  said  that  spct-movemeTite 
in  loQgitudiQ  bear  Bomo  marks  of  being  communictitcd  hy  ex- 
terior figencies.  Thoiie  in  latitude^  on  the  oontraiy,  suggest 
iaterior  fiction.  They  are  connected,  most  likely,  with  the 
hidcWi  F^stem  of  cin^ulHtinu  prevailing  in  the  body  of  the  ^un, 
and  reflect  its  local  perturbations. 

A  remarkable  fcaUire  of  photoapheric  commotiona  waa 
referrcd  to  by  Father  Cortid  at  the  meeting  of  the  Royal 
AstroDomical  Society,  11th  May  1900,^  He  tenned  it 
"alternAtion  *'  in  disturbance,  A  group  of  spots  generally 
iocIudeB  two  chief  membe™,  j^^^l^''  resptsctively  in  the  van 
and  rear  of  the  array.  Theae  take  it  in  turns  to  derelop. 
We  are  reminded  of  the  reciproail  flickeriugs  of  the  fragments 
of  Biela's  comet.  AnologouB  puleations,  hut  on  a  Inrgei  Gcale, 
mauifeat  tbemselves  in  r^flponsive  disturbooces  north  and  south 
of  the  solar  equntor.  IVtr,  Mw-under  hud  already  pointed  out 
in  1894  that  an  "  <ict(v8  tmin  "  of  Hpiita  is  often  "  accompanied 
by  a  feebler  copy  of  itpelf  a  few  degrees  uorth  or  south.  An 
outbreak  of  the  lirst  magnitude/'  he  continued,  "will  indeed 
raproducG  itself  in  several  directions."  ^  Somowbat  Bimilor  cor- 
respondeno£fi  are  noticeable  between  volcanie  foci  on  the  earth; 
yet  the  iuferFmi^s  they  suggest  mi^ht  prove  migl finding. 

The  oo^ultation  of  a  spot  107.000  miles  acro^  waa 
oboerred  during  the  aolar  eelipae  of  L6th  March  1853.  Its 
Toat  dimenaious  were,  however,  exceeded  in  the  s^ime  yoar  by 
tboBO  of  aj]  object  with  the  "record"  diameter  of  143,500 
miles.  An  enormous  double  spot,  which  appeared  in  June 
1883,  covered  an  arcA  of  2500  inillion  square  mileH :  and  the 
greAb  spot  of  February  1892,  with  its  dependauts  ^ud  outliers, 
ifpTtud  still  further  afield.  But  such  gigantic  fonuations  are 
rarely  stable,  Thcii-  bistory  is  one  of  tumults  rmd  vicieeitudea 
Coaapara lively  small  circular  spots  possess  individually  u  mudi 
more  lasting  character,  although  great  outhr^a^ks  are  the 
longest  lived  in  their  siici?e^ive  modiHeatioii^L     The  maximum 

*  06§tnatory,  voL  Jtllii,  p,  'J3D.  '  fC^eiPUii^ty  vol.  itvii.  p.  IBB. 
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duratioE  so  far  registered  was  for  a  "compoaito  diatiirhanoe," 
couaiflting  of  four  veiy  large  (^pot-groups,  and  thirteen  others 
of  fimaller  dimeoaioue,  which  appeared  seriatim,  and  in  ohvious 
asaocifttion^  on  a  restricted  region  of  the  solar  Buiface.^  The 
monifasUitioD  txiiitiuitec]  for  5ST  daja^  from  25th  September 
1891  to  5Lh  MJirch  1893.  while  Lhe  euu  completed  nearly 
twenty-one  rotations.  About  two  rotation-periods  repreeentj 
according  to  l-ather  Cortie,  tho  average  life  of  a  Bpot 

Moet  of  what  we  know  about  aun-spoCs  has  been  learned 
by  a  atatiatical  method  of  inquiry.  Nor  can  such  ipethoda 
be  dispensed  with  in  the  future,  Put  they  do  not  alone 
suffice.  They  must  he  supplemented  and  reinforced  hy 
iTidivid'HMlisatioTv,  Ea<;h  notable  Bpot  should  I>c  studied  Id 
itself  and  in  all  ita  relatiousi  singly,  Hpeciiically,  and  generiealiy, 
EfforU  should  be  mada  to  determine  its  nature,  as  though  it 
were  a  solitary  specimen.  Can  it,  without  doing  violent*  to 
plain  facta,  be  regarded  as  an  aicavstion  in  the  photOBpbere? 
Or,  if  apparent  iQconfliBteucies  with  thie  view  be  present,  are 
tbey  auch  aa  might  be  due  to  refraction  ?  Tho  h7pothe3ifl 
can  only  be  tested  by  confronting  it  with  particular  casea,  and 
trying  definitely  how  far  it  avails  to  meet  their  exigencieSs 
Refractive  possibilitiea  in  the  Kun  have  beRn,  until  lately, 
almost  ignored ;  they  are  now  in  some  quartetfi  viistly  esag- 
gerated.  Still  allowance  haa  to  be  tnnde  for  theix  realisation, 
in  wb.yfl  perhaps  corroborative,  rather  than  subversive  of  re- 
ceived theorioB. 

There  are  many  other  doubts  to  be  eet  at  rest  besides 
thoae  regitrding  the  intHrjjretation  of  perspective  effectfi.  The 
record,  Indeed,  of  no  significant  structural  detail  should  be 
omitted ;  and  what  detail  of  these  enigmatical  objects  can  be 
called  insignificant?  Above  all,  variations  in  their  parta  and 
featureBj  whether  simultaneouB,  sucoessive,  or  alternative,  claim 
the  closest  attention;  since  the  estabUshment  of  a  course  of 
correlated  changes  cornea  vei-y  near  to  the  detection  of  the 
underlying  causal  nexus. 

The  comparison  of  one  spot  with  another  is  a  natural 
eequel  to  the  investigation  of  each  spot  in  itself.  Do  their 
peculiarities,  it  may  be  asked,  depend  in  any  way  upon  helio- 
graphical  position?     Do  they  vary  periodically?     Can  certain 

1  Oiwtie,  Ofr*wTW^W7i  vol,  xxw.  p.  WO. 
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traits  hi  ann-ffpotM  be  rlafuwj)  txigether  aa  inevitably  OHsouiat^d, 
cercAio  othem  ns  muLiially  exclusive?  Wider  < juration &,  too, 
soggoet  thetoselves  &a  to  the  place  of  apole  in  the  genoml 
soIftT  eooDi^my>  and  us  to  the  nature  of  their  connection  with 
bculs,  promineQcee,  coronal  stroamorer  nud  the  totality  of 
aolar  phenomena.  Attempts  hRve  been  made,  both  by  specu- 
l&tive  and  practical  means,  to  throw  light  on  thene  obttciire  Tuples, 
but  wilb  reaulbs  not  as  yet  wholly  8tLtiAfw?tory-  Meaotimep 
idditional  facto  arc  needed  —  facts  ajstematically  collected, 
metbodically  sifted  and  compared.  Isoljited  obaervatioDs  arc 
rarely  of  uij  considerable  value  in  such  complex  matters. 
Meaning  accrues  to  them  jnat  in  proportion  as  they  can  be 
ollinl  to  others  ntade  in  correflpondenC't'  wilb  them,  but  iindtr 
modified  couditiouH.  "  Correlute  and  compare'^  should  be  the 
ivaichword  of  a3troi>hyftjdBta. 


CHAPTER    VIII. 


THE   SPBCTRUIC   OV   SUN-SPOTfi. 


Sun-spots  give  a  recuarkalilj  conipounded  spectrum,  Ti 
appears  to  Bum  up  ^ve  diCTerent  seta  of  effects.  That  U  t^  &s,j, 
the  obscuTG  longitudinoi  atripo  correeponding  to  tbd  umbra 
owns  a  quintuple  origin.  Each  of  its  elcmeuta  might  be  made 
the  subject  of  a  somewhat  prolonged  discussion.  For  the  sake 
of  clejuneaa  we  will  Ijrieflj  imiiiiiembB  them.  Thej  cousist  of: 
(1)  A  bright  buikgToumI  of  ordiimrjr  photoepheric  lighti;  (2) 
a  ueQi'ly  coutiuuoua  baud  of  dense  absorption,  extending  &om 
the  infra-red  to  the  ultra-violet ;  (3j  a  eelect  array  of  widened 
Fraunhofer  lines;  (4)  nearly  nil  the  Fraunhofer-liaes  under 
a  normal  aspect ;  (5)  a  reetricted  number  of  biigbt  lines. 

Diin^r  of  Upsala  a&(*rtained  in  1891 "  that  the  /unda-^ 
nicTital  radiance  of  apota  is  indintinguifibablE^  from  tliat  of  tlie 
geuei&l  surface  of  the  sun.  Their  darkness  is  then  due  to 
inoroased  absorption,  not  to  diminielied  radiation.  This  S^ct 
decisively  negatives  some  current  theories,  and  thus  limits  the 
field  of  speculation  as  to  the  nature  of  spots.  They  are  shown 
by  it  unmislAkabl/  to  ba  regiouH  where  cooled  materials  of 
Home  kind  lU^umulabe,  Of  what  kind  tliose  materials  are, 
we  can  loom  eomctbing — although  not  by  any  means  all  that 
could  be  wished — from  their  peculiar  modes  of  arresting  light* 

A  section  of  a  spot  -  spectrum  in  the  yellow-gieen  is 
portRiyed  in  Fig.  10  from  a  photograph  by  Professor  Young. 
The  U^lt  of  strong  absorption  which  is  its  leading  feature 
seems,  but  is  not  really,  contmuoiis.  Young  himflelf  discovered 
in  1383  that  it  is  made  up  of  iimumeiable  Jine  dark  lines, 
set  very  closely  together,  or  even  actually  overlapping.     Each 

^  Su^nMet  mi^  la  liatatioik  dtk  Sf^^il.  \\  12. 
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indhidaal  in  the  niuUitude  ia,  he  telln  u^.  "  ^^indle^h^ped — 1.& 
thicker  la  Lhe  middie  where  ihe  spectrum  is  darkesL — aud  ba^iera 
to  a  fine  hair 'like  mark  at  each  end;  meet  of  them  can  be 
trticed  actose  the  penuiabra-apcctrutn,  and  ovon  out  upon  the 
geDeral  flurtace  oftheeuE,"^  TiioaefkbaervatioDS,  which  require 
»  high  roiohing  power  in  theappHmtus  eiuployed,  were  amply 
coofirmfid  hy  Uun^r.  He  i)ercei>ed  further  tfjat  the  lines 
arc  collected  into  groupa,  leaving  chinks  of  undimmed  phcto- 
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brilliantly  Ix^tweeii.'  Within  the  limits  of  the  "  h- 
i"  alODe«  no  leea  than  300  of  theae  duaky  ^trfs  were 
ooonted;  above  F,  however,  they  become  merged  togotfaor  by 
crowding,  and  beltjw  £  hy  ditfuflion.  Their  eeparittion  and 
arTHQgement  are  mr>Al  evident  iu  quiescent  round  spots  with 
iubensely  black  iniclei — in  spots,  that  is  to  say,  ixtmmonLy 
n^arded  an  uf  the  miniinnm  type,  Xcw  anch  a  spectrum  us 
they  cooatitute  oLanot  be  produced  by  liquid  or  solid  matter, 
however  minutely  subdivided ;  it  deeisively  claims  a  gaseoue 
origin.  Hence  the  di^rkening  in  spote  ie  tiot  merely  an 
iotoDslficatioD  of  the  "  smoky "  absorption  veiling  the  entire 
duo;  it  is  Bpecia]  and  peculiar.  So  much  can  be  Kufely 
aaaerted. 

Perhaps  the  meet  distinctive  part  of  the  epet-spectrum  i& 
tbe  collection,  included  in  it,  of  acceutuated  Kraanhofcr  linea' 
They  are  picked  out  to  be  widened  and  darkened  on  some 
reoondite  principle  of  aelecttou,  which  varies  from  npot  to 
spot,  and  from  epoch  to  epali.  This  was  early  noticed  by  Sir 
Nonnan  Lockyer,  and  he  pursued  the  inquiry  with  striking 
remdtA,  The  diKUBSion  in  1836  of  observations  upon  the 
spectra  of  seven  hundred  suu-spote,  mode  at  South  Keneingti^n 

*  Tnqvg,  T/u  5uih  p-  IflC.  '  A/rtr.  a/td  Ai-fn>jfhyaia,  vol.  c,  ]>.  219. 
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on  a  tixed  plaa  during  six  jea-va,  led  him  to  the  folloMi^ 
ooncluBiona : — ' 

f  1)  "  The  most  widened  licea  in  aun-apots  change  with  the 
■un-spot  period" 

(2)  "At,  and  slighblj  after  the  mjuimum,  the  lines  are 
chiefly  known  lines  of  the  varioua  metals." 

(3)  "  At,  and  elightly  after  the  maximum,  the  linaa  are 
chiefly  of  unknowo  origiiL" 

In  other  words,^  "  As  we  pass  from  minimum  lo  mflxiinqm, 
tbe  lines  of  thi^  clit^micul  etementH  gradiiiilly  diduppear  from 
among  those  widened,  their  places  being  takea  bj  li&ee  of 
which  we  have  at  preeent  no  terreatrlai  repreeentatives." 
"  Diesocifttion,"  in  ahort,  was  the  mot  de  f't^niffme.  As  the 
Ban's  temperature  inereaaed  with  the  growth  of  diiiturbancej 
substances  in  a  terrestrial  sense  "elementary"  were  supposed 
to  split  up  into  i^xotiLt  {lutialiituenta,  giving  spectral  lines 
strange  to  laboifltory  experience. 

The  evidence  for  the  progreflsive  change  thus  interpreted  wae 
indeed  Blighty  except  as  regarded  iron  ;  and  iron  uJona  waa 
taken  account  of  in  the  eonfirmatory  Stonybnist  obeervationa. 
So  far  aa  they  went,  however,  they  were  decisive,  and  all  the 
more  so  tfiat  they  covered  a  different  spectral  range  (B  to  D) 
from  that  (B  to  F)  examined  ab  8oubb  Kensington.  They 
showed  demons tralively  that,  throughout  the  disturbed 
interval  between  January  1884:  and  October  1386,  iron  lines 
were  all  but  completely  replaced  by  **  unknuwo  lines  "  in  Che 
list  of  thi3ae  affet^ted  in  spots,  while  they  duly  reappeared 
npon  the  restoration  of  photospheric  tranquillity.  In  con- 
nection with  their  bebavioor,  nererthelees,  Father  Cor  tie 
establiabed  an  important  distinction.  Their  presence  or 
absence  bo  toimd  te  be  determinedT  not  by  the  general  flow 
of  solar  commotion^  but  by  the  nature  of  individual  apota 
In  tlio£e  of  rent  and  ragged  aspect  and  tumultuous  pro- 
clivities, iron  lines  are  ousted  by  uniJentified  faint  rays; 
bub  in  tranquil  spota  the  iron  spectrum  is  at  all  timea 
prominenb.  And  since  the  former  sort  prevail  at  matimum, 
the  latter  at  miDimiim,  the  etatislical  outcome  is  that  the 
fipectral  variations  appear  to  depend  simply  upon  the  great 
cyclical  pulsation  of  the  aolar  globe.     Only  on  special  axamin- 

■  Ctitmitlry  oflh4  ^ua,  p.  334.  ^  Ibid.  p.  Sift, 
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iticm  they  prove  to  be  determined  more  locally  and 
patLiciiUrly  tlia[i  this  wouM  iiuply.  lu  Kome  unquiet  tpotfi. 
for  insUnce,  which  developed  near  Ihe  mimuium  of  1889, 
the  effacement  of  iron  lines  was  as  complete  aa  if  the  epoch 
hod  been  one  of  nidximunL  In  fact  (aa  the  Slonyhurst 
BttroDomer  rem^Lrked),^  tho  widening  of  nnkuowD  line^  ia 
commoD  to  all  stages  of  solar  activity,  provided  spots  of  an 
«Pfiropnate  chdnicLer  be  at  hamL  This  in  not  a.  disbinctpion 
wiUioat  A  diCTeTeuce.  It  cuts  the  gronnd  from  under  the 
WBumption  of  periodical  vicifiaitudce  in  the  general  cheniiatry 
of  the  sun.  Iron  is  not  everywhere,  and  inevitably  reduced 
there  to  its  elements  jis  temperature  and  diBtnrbanee  culminate 
t<^ther^  bat  —  if  at  all — ouly  ns  a  special  effect  in  the 
hottest  epot-craters.  And  this  again  brlngH  up  diHiculbiea 
connected  with  relative  temperature  —  difficidtics  which,  in 
flue  form  or  another,  perpetually  recur  in  the  study  of  oatro* 
pbysics. 

Hut  there  is  more  to  be  said.  Furtlior  inrj^uirieB  have 
maU'iiiiUy  altered  the  aspect  of  thtj  tasa,  for  they  have  led 
U»  tlie  transference  from,  the  "unknown"  to  the  "known" 
cJua  of  w  many  spot-lines  that  the  completion  of  the  prooe^iA 
ouj  be  contidently  anticipated  Kowland's  photographic 
oompari£ona  have  contributed  most  effectually  to  its  advance. 
Young  and  Cortie  have  traced  a  crowd  of  sun-spot  raye  to 
vaniidiuni  ;  titanium  elaixiia  as  many,  or  moru  ;  and  othera 
fmhaps  originate  hem  alUed  "i^re"  metals.  Thia  atiigulur 
line  of  identification  is  very  strongly  traced  Thus  a/l  the 
vanadium  lines,  twenty-eight  in  number,  between  C  and  'D 
oie  by  tuma  broadened  in  epot  epectra,  although  of  evaneBcent 
&iDCnesB  in  the  photosphere ;  nor  doe»  the  conjecture  ficem 
imwarrantfid  that  the  high  tempera  tore  compruinds  wiLti 
nitrogen  and  oxygen,  both  of  thla  metal  and  titanium,  may 
yet  be  rect^niaed  in  umbral  chemistry.  The  distension  in  a 
■pot  of  two  vanadium  lines,  at  \  5728  and  X  5731  respective]  j, 
is  well  shown  in  Fig.  10.  They  are  of  quite  minor  im- 
portance in  the  Fr^unhofer  spectrum. 

Father  CorLie  Runni^e^  that  the  vapours  absorbing  in  spots 
may  be  aavociuted  by  their  Qpproximata  confoiinity  to  a 
cerlnm  standru'd  of  deneity.      "The  level  of  eun-spota,"   he 
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euggtats,  "is  poaaibly  blie  level  of  the  faint  linea  of  such 
mat^H  ^9  have  an  atomic  weight  about  50."^  Iron,  nickel, 
titauiiim,  sjid  yanadium,  all  assiduous  l^eqaentcTs  of  nmbifil 
cavities,  belong  to  this  cat€gory^  But  the  rule  is  compro- 
miHed  by  exteptioiiB  and  incongruities. 

The  Mutual  sLabi;  of  the  case  i.^^  tliis.     Tliere  is  no  evidence 
of  cltiruQQtal  disBoci&tion  in  aun-apote,  but  spectral  dirersitiea 
ore  ohviooe  unci  persietent.     They  indicate  tho  disappearance 
of  iron  from  tumultuous    t'ormatioiiB,  and  the  eoier^noe   in 
thi?m  or  titaniiim  and  vanadium.     There  ate  doubtless  con- 
comitant chaugos,  but  they  await  tiae^rtainuient  and    partic 
larisation.       A    caviat,    however,    has    to    be    entexiid.       The 
principle    upon  which   these  inquiriea  have  been    conducted 
ie  imporfoctlj  assured.      It  is  commonly   taken  for  granted 
that    the    widened    lini?^    constitute    the    spot-epectra ;    that 
they,    and    they    alone,    i^eprcscnt    the    emaDations    of    the 
constipiited  vajKnira  blotching  the  lustroun  disc      But    thi 
is   a   somewhat    ^irbitr^try   afisumption.       The   theory   of   line* 
t:xpanflioti    by   pressure  is  veiy  imperfectly  underatood.     The 
pheaomenon     do&s    not    occur     uniformly    ard    invar  is  bly. 
Lines  of  diftereut  substances  are  diffeieiitly  affected  by  it;  lines 
even  of  tho  saniti  aubatanca  ai'e  unlike  in  their  susceptibility  ^i 
to  its  iiiduence.     The  inferential  building  up  then,  of  epoO^^f 
spectra  out  of  widened  linet*  is  Kubjcct  to  many  qualificatroui^^ 
These  do  uot  le^en  the  importance  of  the  obaerved  rt^lation, 
but  they  impottiiiitly  modify  it. 

The  iron  lines  intensified  in  spots*  presumably  by  the 
spwiific  fiction  of  their  nuclear  vapours,  are  often  unsym- 
iiietrically  broaUene^L  They  ara  usually  diffuse  towariia  the 
violet  side^  sharp  to  tlie  red.  This  may  point  to  the  presence 
of  chcmteal  compounde  ;^  since  the  ^me-spectra  of  metals  and 
of  their  oxides  aeom  to  be  diffei-eatiated  just  by  the  develop- 
ment, in  the  latt:er,of  these  peculiar  shadings.  The  possibility 
must  accordingly  be  admitted  that  iroa-oxidea  exist  in  the 
Hnn.  Yet  the  implit-d  temperature  is  iniprobibly  low,  sinoe 
they  can  he  broken  up  hare  on  the  eiirtb  by  the  mmple&t 
motallurgical    proceaaee.       But    they    might    perhaps    form 

'  AlKiUhii/  Ntifioe4,  «1-  iTiit  ]'.  373. 

*  tTmt^Sobdner,  Aslro^tfnnical  Sjiectnampy,   p.  177  ;  J-  9.   Amn,  Attreph^ 
JeitFTi.  TOl.  i.  p.  S0  ;  llu  bloy^  Ptob.  Soyal  Societti^  vol  IvL  p.  192. 
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ttlj  (so  to  Gpeak)  iu  epota,  oa  a  result  of  the  local 
cbilllDg  of  ffwiftly  ciroulating  luuteiial-  It  may  he  lulded 
ibst  the  iroD  Hues  distinctive  of  spot  -  i^pect^ra  are  so-called 
"  low-lemperature  lines/'  They  are  brillin-Tit*  in  the  electric 
Ate,  but  tend  to  be  outalione  b;^  othe;^  in  the  higher  exctte- 
raeot  of  the  spark. 

Further  complexity  wns  tinpaited  to  spot-ahBorpbioa  by 
the  appearance  of  certain  dusky  bands,  of  which  nine,  situated 
below  D,  wtre  obeerved  early  in  1885  at  StonyhurRt.^  aud  no 
fewer  thai]  fleveiit*^ti  more  refrongilihj  in  1880-li  jtt  Green wiuh. 
Oo«  proved  identical  with  a  fiutiug  drawn  by  Young  in  1872' 
Uid  all  were  resolvable  into  densely  packed  lines,  Nothing 
is  knoini,  or  can  even  be  conjectured,  as  to  their  origin  ;  bat 
ihey  are  clearly  symptoms  of  diBlurbante,  aint«,  with  the 
sodden  advent  of  a  solsr  calm  in  October  1386,  they  at  once 
ntterlv  vanished. 

Mr.  Evenhed  oonddeiB  the  majority  of  the  unaffected 
Fnuuhofer  Une«  in  spot-apectra  to  be  possibly  apuiioua;* 
Ihey  may,  he  thinks,  bo  iuhorcnb,  not  in  umbral  light,  but  in 
the  photoepheric  glare  diCfused  equally  over  spots  and  the 
Annwmding  sky.  Some  of  the  ordinary  dark  soLir  lines, 
hcnrerer,  thin  out  in  crossing  umbrLe,  and  a  few  show 
tnoM  of  partial  brightening.  Moreover,  the  radiations 
frottJ  spots  cannot  escape  transmission  through  the  revere- 
iug  lnyer,  and  are  bcnco  subject  to  preeiaely  the  same 
sbeoFption  exerted  upon  sunlight  in  general,  eo  that  the 
Praunhofer  spectrum  in  itu  integrity  truly  belongs  to  ^otE, 
not  withstanding  the  reinforcement  of  some  of  ItBcom^iODents  and 
the  enfe^blement  of  others  through  influences  special  lo  them. 

One  of  the  most  remarkable  features  of  epot-absorption 
ba6  still  to  be  noticed.  HcUum,  as  we  htLve  seen,  makes  no 
show  in  the  Fraunhofer  Bpectrum.  Yet  a  helium-envelope 
saxTOunds  the  min  to  a  depth  of  ^ve  thcuKand  milen.  Every 
ffty  of  BtuiAhine  sent  abroad  into  H|}ace  has  been  sifted  through 
this  huge  volume  of  gaa,  which,  by  ite  atiomalouB  inertness, 
bida  deiiance  to  ''Kirchbofi'B  law."  Emitting  complex  ranges 
of  vibnitions,  it  novetthGloss  exacts  no  corresponding  toll  of 
absorption.     Ita  transparency  seems  absolute.     Either  it  is  ao 

■  AtvrJh/f  Notias.  vol.  tltii,  i^.  la  '  Nature,  l7tJt  Dec.  IS^lf. 

'  Antnrjrh-  Jbum.  Vol,  T,  fi,  243, 
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hot  that  it  replai«B  the  light  arrested,  or  its  arreatiiig  power  m 
nulliiied  Ly  rarefaotioa  The  forraer  altemfitivo  is  excluded  by 
the  t^onBiiemtioQ  that  an  excosa  of  tomperature  should  be  notified 
by  the  pi-eaence  of  bright  huliuin  lines  in  the  general  specti-um 
uf  the  sun,  und  they  are  nu  taGm  viaihLu  in  it  tJkim  d&rk  one& 
Hencti  the  ahsorptive  iucapatity  oF  chromoapheriir  helium  may 
proyisionully  be  tittiibuted  to  oitreme  attenuation,'  Thie 
Tiew  has  gained  pkuaibility  thi'ough  the  discovery  that  helium 
in  or  uear  apota  acts  at  times  normally  upon  light,  for  tb<| 
vapours  ucd  gasee  produtiing  unibral  obacurity  are  assuredly, 
on  any  theory  of  spot-forumtiou,  tleiiser  within  tliao  oulaide 

the  tiipparent  tJivity.  The  f^hadii^ 
then  at  I)^,  like  the  fusiform  shape 
of  the  sodium  piiir  below  it  (see 
Fig.  1 1),  imultfi  from  inoreasod 
preasure.  It  is  usually  signifi- 
cant of  vehement  disturlKiLee.  In 
twenty  or  tbirty  apots  with  11am- 
ing  appendages  —  and  moatly  in 
their  penumbral  ragiona^ — rrofeseor 
Yoxmg  hiij^  seen  the  yellow  bohum 
ray  reversed  ;  ^  it  was  ainiilarly  visible  to  Professor  Naegamvala 
in  the  huge  vortex  of  February  1892,''  a-ud  tc  Mr.  A.  A.  Bma 
of  Maut^bester,  ou  iTtb  MaiT^h  11^99/  iu  a  spot  tbe  incessant 
activity  of  which  was  the  more  remarkable  on  acco^intof  its  occur- 
rencG  near  an  iiuminent  uiinimum.  Absorption  by  the  deep  red 
helium  ray  at  X  6678  was  three  times  observed  in  spot-apixjlra 
by  Father  Perry  during  1383,^  hot  its  ehenucal  meaning 
waa  tbau  unwuHpei:te<i  Now  that  the  lielium-Bpectium baa  been 
unravelled,  further  pattiouUra  might  easily  be  learned  as  U)  the 
ttsaociatea  of  D^  in  spotfl.  Its  iaolated  occurrence  is  improbable, 
Spot-apectni  are  crowned  and  completed  by  tbe  freqaent 
superpOHition  upon  them  of  vivid  rays.  These  originate 
from  the  gaseous  effusions  often  aceompanying  the  formation 

'  Gosefl  (flowing  dtLirically  In  vuaum  tutw^i  wert  fonm]  hy  M.  Ciniar 
iDeiptblB  or  Bbaar|]tioD.  BiittliereRDltHDf  fiirlLu-  nxfierimeoiE  muflt  be  awaited 
h^ion  cci]cluiir>]ia  Iu  bo  delicata  a  mfltUr  at.a  be  ftvaiLed  of  Lo  tiluddAtu  thv  BtaM 
oF  belitUD  !□  iLc  Biiik. 

"  Mature.  12t]i  Bt]'t.  IQQB  ;  Tht  fii^H,  |i.  134, 
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'  Mtfitt/ilj/  2ttjticts,  vcrl.  \u.  }u  424. 
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mad  timtsfonnatioa  of  Bpota.  Thv.y  are  readily  identifiabl*^. 
HjdrogoD  liDsa  and  the  H  and  K  of  caloium  are  the  moeL 
frequently  brighbeood  ;  D^  ia  eoictetimca  brigbt  over  tlie  umbra^ 
dark  in  the  penucnbn^  of  the  same  spot ;  anil "  double  revetBoU  " 
of  tbe  oodium  "D  pair"  are  quite  commonly  observed.  The 
pbenonieooD  is  il1iistrH.ted  in  Fig.  1 1,  The  brillianl  ray 
aluuiug  at  iho  core  of  the  fuzzy  apiiidtt^j  into  whit^b  tiacfa  of 
tbe  coupled  lines  is  broadened*  evidently  proceeds  from  &u 
overlying  hotter  and  rarer  atrntum  of  aodtum -vapour.  Tbe 
Qugneaium  group  "b"  lb  oceosionally  affected  in  the  eotne 
«»jr.  The  "rosy  veiia"  in  spot  nmbne  give  out,  ha  might 
be  expected,  hydrogen  laja,  and  "bridges"  are  also  loci  of 
tnuissioiL  Thi?  ultm  violet  members  of  Uie  hydrogen  aanes 
are  nerer  present,  bright  or  dark,  in  spots ;  and  the  UFlb  line 
{Htf)>  which  falls  jusl  witliin  tbe  region  of  visibility,  b&e  often 
been  looked  for  in  vain.  In  some  of  Frofeesor  Halo'e  epcctiu- 
grepha,  however,  of  the  giant  ^pot  of  February  1892  it 
showed  fdtntly  bright  beside  tiie  took  coosjfieuouB  H  of 
caloiuni-'  So  far  tbe  rai:ord  atande  alone.  It  bua  a  particidur 
tDtarest  from,  the  ambiguous  position  occupied  by  titis  ray  in 
Uw  solar  specti-um. 

Tbe  agitation  prevailing  in  epote  is  often  betrayed  by 
linie'distortionej  telling  of  the  swift  Tt>eeB9ioii  or  approach  of 
TBpoure  uingregated  in  theiiL  The  izondititm  of  the  C-line, 
w  aketched  by  Prof^sor  Hale,  13th  February  1892,  in  the 
eaiuc  spot,  is  shown  in  Plat«  VI.,  Fig.  2.  The  brilliant 
{tfrtch  over  tbe  umbra  ta  of  normal  wave-length;  it  was 
derived  from  a  tiame  radially  immobile;  but  the  book-like 
appurtenancd  of  the  dark  line  teBtlfies  to  an  exti^aordinarj' 
outruih  of  cooler  gas  from  the  loner  part  of  the  formation. 
We  can,  to  a  t:ertain  extent,  trace  ita  coutee.  It  st&rted 
outward  with  a  uniform  velocity  away  from  the  earth  of 
aboat  120  miles  a  second  This  slackened  uner]uuUy,  as  can 
be  eeen  by  the  breadth  of  the  "book  "  at  itfi  junction  with 
the  line;  and  tbe  whole  maas  of  hydrogen  came  to  reat  at  a 
distance  of  tbiity  U*  forty  tbou-sjtnd  mJJet^  from  tbe  [loiut  of 
ianie,  wbicb  (it  ia  worth  noting)  wue  at  tbe  very  middle  of 
ibe  nnclena.  The  nature  of  the  force  raising  this  brief  but 
tiemendous  storm  canuut  reudily  lu    imagined.     Its  abrupt 

^  Attr.  imd  Aa^ttpS^fwia,  vol.  xi.  p.  313. 
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development  marked  an  acute  crifflB  of  disturbance,  to  whicii 
the    earth    raaponded    with    magnetic    tAsrit^hea   and    auroral 

illiiTninnHnnft 

MtftioiiH  iu  spots  sQbta  to  be  limited  and  locaL  They 
can  be  iuterred  to  prevail  with  great  violence  at  ctrlain  levels, 
while  complete  tr^nquillitj  reigna  at  others,  ThjA,  at  least, 
ie  the  only  explanation  of  tlie  chetnical  peculiarities  of  solar 
humoaDLij,  Nothing,  for  instance,  is  commoner  than  the 
raging  of  hydrogen-atonna  amid  profound  calcium-cahna  Nay, 
linea  belonging  to  the  same  subHtiUce  may  indjr^te  for  it 
simultaneoualy  rest  and  motion.  Thus  a  few  iron  lines  ani  at 
times  observed  to  be  displaced  or  twisted  through  the  ejects 
of  rapid  approach  or  r&coaaion,  while  the  remainder  maintain 
their  usual  positions  and  aapeot  The  anomaly  is  most 
striking,  and  challenges  pemstent  attentioiL  Sir  Iforman 
Lockyer  meets  it  with  the  dissoeiaticn-hy p» thesis ;  but  this 
raises  mcrrc  difticiilties  tban  it  removes^ 

Enough  has  been  aiid  to  show  timt  numerous  and  moat 
curious  problems  await  solution  by  students  of  aun-epct  spectra. 
The  aubject  is  wide  enough  to  occupy  a  baud  of  speeiahate, 
and  its  remoter  iDiplij^tiynhi  L^au  still  be  only  surmiaed. 
NevttrthtilesH,  definite  conclujuons  ai«  not  wholly  out  of 
reach.  First,  as  to  the  cause  of  nuclear  darknesa  It  is 
certainly  to  be  found  iu  uugmcnted,  and  (so  to  tipeak) 
iciterateU  absorption.  Spots  are  not  simply  rente  in  a 
shining  veil,  exposing  an  obscure  substratum.  They  are  not 
super-heated  n?gioiis.  where  iirocaasL-a  of  eondnnsation  are 
suspended.  The  photosphere  is  screened,  not  perforated, 
them.  Moreover,  the  screening  is  by  interposed  vopoi 
Umbral  abaorpti(>n  ie  mainly,  if  uat  altogetliei",  of  the  gttaeo* 
kind.  II  ia  essentially  linear  and  banded,  No  part  of  it 
be  safely  attributed  to  the  action  of  a  foggy  precipitate  s^ 
as  modifies  elsewhere  the  "  Huri>as3ing  glory  "  of  the  dii 
They  probably  differ  in  this  respect  from  "porea"and  "veOi 
spots/*  but  specific  iniimriea  on  the  point  have  yet  to  be  mad< 

There  are  strong  indications  that  epot-epcctra  original 
under  conditions  of  increased  pressure  and  dimiuiBhodi 
temperature.  Still  the  coolest  umbne  must  be  hotter  thaai 
the  reversing  layer,  for  otherwise  the  Fraunhofer  linei^ 
would  show  bright  r^gaiuHt  them,  and,  as   we   know,  they  cross 
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them  in  dnsky  array.  This  circamstanGe  ia  fundamental  in 
aolar  thermal  relations^  jet  has  been  generally  overlooked. 
The  ordering  aright  of  such  relations  is  a  prime  dedderatum 
in  soIet  physics,  and  should  serve  as  an  indispensable  guide 
to  the  interpretation  of  spectral  diversities. 


Facul^  are  ontgrowtha  from  the  photoaphero.  This  is 
known  by  direct  observaliou.  They  have  been  seen  and 
photographed  jutLiug  from  the  limb  £.s  rotaliun  brought  them 
into,  or  carried  them  uut  of  viKW-  It  is  also  inferred  from 
their  aviperior  ijiilliiincy,  which  might  setTc  to  measure  the 
opacity  of  the  veil  spread  over  the  surface  they  surmount. 
On  the  other  hand,  they  escape  none  of  the  Fraunhofor 
absorption  ;  the  whole  range  of  solar  dark  lines  is  invariably 
present  in  their  amalysed  light.  Heuce  their  position  can  be 
defined  as  jntennediiite  lietweiin  the  "  Hmoke  vei]  "  and  the 
reversing  kyer.  This  conaideration  afforda  a  safe  holdiog- 
ground  for  rcaaoningB  about  the  status  of  thcee  remarkable 
objects.  They  testify  to  internal  ooinmotiotiB  of  the  same 
nature  as  those  giving  rise  to  spots,  but  eiempt  from  their 
beliographic  HmitatiouB.  Paculfe  are  not  confined  to  theapot- 
zouea ;  they  dtvelop  uU  oier  tliK  milar  globe.  Since,  however, 
spots  invariably  claim  their  attendance,  they  are  nioBt 
unmerous  in  thu  latitudoB  frecjnented  by  auoh  disturbances, 
while  showing  independent  maxima  much  nearer  to  the  polea* 
But  their  imperfect  visibility  upon  the  disc  greatly  restricted 
their  cbservation,  until  ProfesBor  Hale  and  M.  Deslandrea 
almofit  simultaneously  invented  a  method  for  spectrograph  i- 
cally  recording  them' 

It  depends  essentially  upon  the  use  of  a  double  elit — 
Janseen'a  valuable  invention  for  isolating  spectral  rayR. 
Celestial  objects  can  in  this  way  be  photographed  in  mono- 

^  MAHcarL,  Astroph,  Jmink.  toI.  tL  p.  372. 
'  AsiT.  atid  Asirojih]}sUs,  vol.  it-  pp.  IfiS,  414. 
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ciinimatic  light — that  is  to  say,  their  formB  in  each  separate 
GheEnicAL  element  uin  be  distiitctively  reuurJed.  The  imporbnuce 
of  Che  fresh  atart  tha3  made  is  dl£hcuJt  to  exaggerate.  With 
a  double  slit  aad  a  eeiieitivo  plato,  tbo  compo-rativc  distribution 
of  glowing  vapourB  iu  the  sun  cuu  be  satiH^torilv  iiivtijitigftted, 
and  anomalies  connected  nitb  their  dlsiribution,  if  not;  re&icved, 
atleoAl  fuUj  recognised  Hiid  defined.  All  spectral  ray»j  never- 
tboleiis,  are  nob  ei|aal]y  availahle  for  all  purpoaeH,  In  (chrome- 
f|dieric  photographj,  for  instance,  the  calcium  II  and  K  offer 
iaunense  odrautagee,  not  ouly  bocauBo  of  thoir  actioic  efticicncy, 
but  «till  more  on  at^uunt  of  the  broad  bands  of  ahiidow  reuder- 
ii^  them  eonspicuoua  as  Fraunhofer  lilies.  Theee  serve  to  protect 
•guDAt  atraospbenc  glare  the  bright  Uties  supeqiosed  upon 
tbem  ftt  the  edge  of  the  sun ;  and  glare  is  the  worst  foe  of 
daylight  photography.  Id  Bystematic  work,  moreover,  K  is, 
for  more  than  one  reason,  aJways  preferred  to  H.  And  so 
eBme  to  ba  established,  in  two  continents  at  once,  a  new 
brancb  of  astronomical  art — tbe  art  of  picturing  the  91m  and 
its  surroundings  in  calcium-light  of  a  single  t|ua,lity. 

The  first  and  immediate  object  in  view  waa  the  tlay-by- 
day  photography  of  prominences :  but  it  woa  veiy  soon  found 
practicable  to  extend  the  work  from  the  limb  tu  the  diac. 
One  slit  waa  caused  to  travel  across  the  aim's  image,  which  had 
a  diameter  of  two  inches  in  thy  Chiojigc  twelve-inch  refractorj 
while  the  motion  of  the  secood  waa  adjiieteil  so  tbat  it  exactly 
kept  pace  with  the  K-Une,  admitting  it  aloDt.  Ihrougli  a  chink 
just  two  thou£ajidtha  of  an  inch  in  width,  to  Impreas  the 
sensitL7e  plate.  At  Chicago,  the  first  experiment  of  the  kind 
wu  made  28th  December  1891,  and  a  eimilar  mode  of 
ptocedur^  waa  described  by  M.  Deslandrt-s  before  the  TariB 
Academy  of  Sciences,  8th  Februjtry  1892.'  The  upflhot  iu 
each  cose  waa  the  difldovery  that  K  is  doubly  rerereed  over 
euctenaiTe  tractsof  the  photosphere.  PUte  1V-,  Tig.  1,  shows  the 
aun  self-portrayed  in  calcium  light,  lltb  April  1894^.  The 
linea  crossing  the  photograph  are  accidental  impei^fec  lions,  one 
set  origiQatiag  from  duat-par tides  in  the  jawH  of  the  Hlit,  the 
other  from  irregularities  in  the  nioveineut  of  the  eiderostat. 
The  regions  of  reverMl  are  not  confined  to  the  neighbourhood 
of  apota,  but  spread  irregularly  over  the  anu'a  aurface.     Tlie 
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iudividual  bright  forms  the/  uicUde  are  often  bent  iotoapmiU 
or  doubly  curved.  Tbey  oorrespoud  very  closely,  both  in 
aapeot  anJ  poaitiou,  ^\iUi  lacidLc  directly  seen,  hiiiI  wtire  at 
oncei  by  Trofewor  Hale,  ideatilied  with  thenL  M.  Dediandres, 
however,  ctnasing  them  as  a.  spticiea  of  hybrid  betwoen  facuLt: 
and  pi'omineuc^g,  bestowed  upon  thorn  the  compoutid  tiame,€X' 
preaaivG  of  this  mixed  quality,  of  '-  facular  flames."'  Hale 'a 
view,  in  other  words^  wan  that  thfi  iiuvaUy  disclosed  by  his 
"  flpei;brolieliogrji|tb "  i^ouBirtted  in  the  enuRhiaa  by  faculae  of 
bright  "II  and  K"  by  way  t>f  supplement  to  Iheir  regular 
photofipheric  spoctrum,  wliile  DeeJandrea  considered  th^t  the 
new  Lnveetigation  upplied  lo  a  dislioct  kiud  of  objocts,  neither 
prominencaa  nor  fucuke,  although  pattakin^'  of  the  nature  of 
botK  The  question  raised  is  (Jifhi:iilt ;  let  ua  hrieHy  examine 
its  bearings. 

The  cakium-l^aniea  photogmphed  at  Paris  and  Chicago 
are  certainly  not  promineoceu.  Tb^ir  positions  do  not 
ooincide  witli  those  of  the  ebroiuospbcric  ortsboota  They 
apj>ear  wljere  prominences  aTo  not,  and  vice  versd.  Nor  ure 
prominences  bright  enough — uuleas  by  a  nire  exception — to 
allow  in  relief  /igaiuat  the  kuu;  tbey  are  Htrittly  objecl*  for 
marginal  spectroscopic  study.  Finally,  motion- displacemcDle 
are  <:on^picuous  in  thcm^  and  u.r«  al)s<mt  from  tbe  sinuous 
shapes  on  the  disc-  The  objections  to  identifying  these  with 
faculie  are  less  obvious,  yet  seem  equally  insuperatJle- 

Facidii?  ticloiig  no  less  ainnisLrtkahly  to  the  phoMw]ihere 
than  the  Hiumhiyas  do  to  the  cartli's  cnist.  They  are  Hung 
upward  frcio  it;  they  subside  liatk  into  it.  Their  light  is  of 
tho  Bamc  bnlliautly  conliiiuoufi  quality;  it  is  marked  by  the 
same  kind  and  amount  of  linear  absoqjtioti.  It  bos  then  been 
sifted  through  all  the  vaporous  Bttaia  amassed  above  the 
smfnce  of  the  sue.  This  ^ives  the  key  to  the  position;  for 
it  compeb  the  inference  that  while  facube  are  situated  beneath 
the  i^versing  layer,  the  uUied  gaseous  forme  must  be  locatcil 
above  it.  The  jir^unient  for  their  comparative  elevation  io 
cogeut.  Xbe  reversing  layer,  as  we  know,  is  rich  in  calcium 
vapour  cooler  than  the  photosphere,  aad,  d/or(ion,  cooler  than 
tbe  flames  lietached  by  their  su].*rjur  lustre  from  the  photo- 
sphere. Theii  caltium-iays  ehould.  iLC*;ordingly,  be  eifettuiiUy 
'  D«blafidrei,  L'Asirotiamit,  Dec,  iSfli. 
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tlOpped  by  the  reveTRiiij;  layi?r ;  they  could  not  by  any 
powibility  be  transmitted  through  it.  Hence  the  bright 
"  K  '  in  which  the  Holar  diw;  run  bu  depic!t4'd  muBt  origiimtt: 
tbov?  the  region  where  Fraimhorer  abiNnrptiGn  takes  place. 
The  wmthing  forma  emittiag  it  beloag  to  a  diffeient  locality 
itoia  that  of  true  taculm.  They  are  cbroitiospheric,  not 
photos^iheric,  developmeiitB^  Yet.  us  juat  stated,  they  cannot 
be  aflfliaultit^d  to  prominencea.  They  probably  lie  at  the 
baae  of  the  chrLimuKpherK,  and  tliey  follow  the  ili.stribution  of 
Idculxe  with  cloM,  though  not  rigid  exactitude.  Hydrogen  ifl 
At  times  represented  in  their  spectra  by  a  criii»flon  t;limmer 
of  C,  90  they  are  not  composed  of  calcium  solely;  but  their 
nftl  nature  and  place  in  the  Bun'&  eeonomy  remnin  adnuttedly 
enigmmtieaL  We  are  only  sure  that  they  spring  up  in  close 
rolatioD  with  faculio  ji^  Ayinptomn  of  the  Hnme  disturlianccB. 
That  their  relation  to  them  is  one  ^i  aotujil  ideulily  aeeuied 
indeed  at  first  sight  scarcely  open  to  doubt ;  yet  for  the 
reosoaa  juat  aeeigned  they  muBt  be  regarded  aB  separate 
pheDomena. 

The  connection  of  fjtcul^  with  spota  ia  not,  bh  we  have 
■Bcn,  of  the  ^'  mutual  "  kind  Their  rsxripnxrity — aa  a  typifal 
Iriflhjnan  might  sny — -is  one-aided.  Outside  the  spot-zones, 
where  solaj  commotionB  have  a  leaa  vehement  character  than 
nearer  to  the  equator,  facnhe  lie  "  extended  many  a  rood  "  in 
fluggish  inactivity  during  intervals  long  enough  for  the 
working  out  of  manifold  changes  in  the  brilliant  circuni' 
v&llations  of  spots.  Thtae  are  very  of'terE  trmwited  with 
promiuencea,  which,  however,  develop  somewhat  birdily. 
NaM^nt  umbrffi  are  rarely  accompanied  by  tbem,  while 
moribund  umi>ra;  offer  a  favoured  eite  for  their  growth. 
Thus  a  remaikably  briUiajit  prominence,  agitated  by  violent 
motion,  towered  above  the  eaatem  Hmb  ajf  it  was  passed,  on 
Urd  March  1S&2,  by  the  shrunken  remnant  of  the  vast  fl^iot- 
group  which  hrid  slipped  out  of  sight  round  the  western  limb 
a  fortnight  previously.^ 

Prominences  are  related  to  the  ohromof^ph^^ro  in  very 
much  the  same  way  that  fuculie  are  relate^l  to  the  photo- 
sphera     They  arise  from  it  by  effluence  or  eruption.     Now 

■  Dslinrlnn,  Comjiia  Jii^un,  I.  r.sW.  No.  iE. ;  Juar*.  BrU,  Attr.  Am-  vaL  iL 
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tbe  chromoephero  itself  hoe  a  markedly  er\;ptivo  aapecL  It 
preeenta  no  Liilkiwy  ocean  eurfaoe,  but  reseniblee  rather  a 
TarbareaD  mi^adow  planted  with  stalke  and  grasa  blades  of 
fire,  waving  under  wnne  UDiinsginHljle  furnace -blast.  Wit!) 
cl^ar  definition,  a  filiform  teitni'B  ia  evei-ywhere  apparent. 
Tbe  "atraw-thfttch "  effect  of  penumbrie  deuotca  a  similar 
peculiarity  ii)  photosphcric  uiEittiiials,  and  tLat  it  is  shared  by 
prominences  can  be  inferred  from  their  frequent  constnietioDt 
as  if  out  of  cha  untwisted  strands  of  a  rope.^  The  red  rim  of 
the  et^lipiieii  sun  is  i.-o[inpiciiouBly  ja^^^d,  and  its  saw-like 
outline  suggested  the  name  Sierra.,  originally  bestowed  upon 
it  by  Airy  in  1851.  It  does  not.  then,  repreaenb  e.  fluid 
envelope  in  a  state  of  equilibrium.  There  is  another  reaaon 
why  thifl  la  impossible.  The  oliromoephere  does  not  preserve 
B  uniform  depth.  Averaging  about  5000  miles,  it  is  subject 
to  irregulftr  and  temjiorHry  variatiouB,  as  yet  imperfectly 
observed  and  entirely  unexplained.  General  eubsideocee  are 
even  affirmed  to  take  place.  One  auch  was  noted  with 
surprise  by  Trouvelot,  June  to  August  1875.-  He  had 
frequently  observed  gs tensive  local  depressions,  but  never 
before  a  universal  shoaling.  He  attributed  to  the  eharper 
views  of  the  photoi^phere  affonled  by  thia  removal  of  part  of 
the  iuterpoeed  medium,  his  discovery  of  "veiled  epotfl.'*  im- 
perfect umbral  formations,  owing  their  abortive  character, 
perhaps,  to  their  unfavourable  situation  near  the  poles.  In 
1887,  the  height  of  the  chromosphere,  measured  thirty-two 
times  by  Dr.  Fi^nyi.  S-J.,^  was  found  to  diminish  above  the  spot- 
zone^,  and  sensibly  to  iucreiise  outside  their  limits.  It  would 
be  of  intereet  to  determine  whether  thta  condition  prevails 
commonly,  or  whether  it  is  restricted  to  epochs  of  minimum, 

Prominenccfl  are  of  two  varieties — eruptive  and  quiescent. 
These  differ  chemically,  visually.and  heliographically.  Eruptive 
prominem^B  are  of  a  mort^  mixed  constitntioD  than  the 
ijuieKcent  sort;  they  include  many  more  ingredients;  they  , 
give  an  intense  carmine  light,  have  jet-like  or  upspringingfH 
ahapea,  and  are  mostly  confined  to  the  spot-zones.  They  are 
gemiine  Are -fountains,  while  quieecent  prominences  frequently 


'  Evershid,  Aatr.  and  A-ittophf/airs^  voh  li.  p  240, 
■  Antfr.  Jovrtt.  c/  Srit^ft,  vol.  ti.  p.  IttB  {ISTS), 
'  Pb^ioof.  HannaUd  ObaernUifTy,  Bd.  vL  ]k  40. 
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r«8emb]ci  cloud- banks.  The  foniisr  are  iiidividujil  outbreaks; 
the  Utt«r  unite  into  communiLi«s,  countcrtbitiDg  b«nyan 
gTOve«,  ranges  of  jungle,  fields  cf  drrua.  Ufludly  coonwted 
with  the  cbroniotiphere  hj  stems  or  tninka^  Lbey  in  soiut  cjaac-a, 
not  only  tlout  free  iii  ir^olaled  EDEiHseH,  Imt,  still  more  reniAik- 
ab)j,  are  generated  at  great  elevations  above  it,  as  if  b j  the 
apo&taneoQs  illuiiuDation  of  pre  -  e^dstin^  material.  The 
analogy  with  terrestrial  condeosationB  in  an  azMve  eky  is 
obvioufl,  but  cmky  be  quite  mialeftding. 

Quiesuent  prominences  develop  oc  an  enormous  scale.,  nor 
always  tranquilly,  Fonuations,  at  leu£t,  vhic^b  are  in  some 
reflpects  cognate  vrith  them,  become*  on  occasions,  the  scenes 
of  striking  exploeive  accidents.  So  that  their  generic  title 
mii£t  be  understood  in  a  restricted  sense.  Thus  the  clotid- 
Ulce  oharacter  of  a  huge  object  photographed  by  Deslandrea/ 
Slut  May  1894,  aeeoied  vouched  foi'  by  ita  vicinity  to  the 
oontfa  pole,  aad  by  the  large  eji tent  of  the  Bolar  limb  garniBhed 
by  it.  At  2  p.m.,  when  it  was  first  pictured — as  aaual,  in 
cakiiun  light — its  height,  apart  from  foreshortening,  waa 
2f  20",  or  63,000  English  ndles.  At  4''  27"  it  had  sprung 
op  lo  135,000,  and  73"  later  still  to  270,000  miles  (see 
Flate  IV. ^  Fig.  2),  an  elevation  far  beyond  any  recorded  for 
objects  of  the  kind  eitunted  more  than  aixty-five  degreea  trom 
the  aolar  equator,  whiJe  this  wonderful  structure  spread  from  the 
aevenCieth  to  the  eighty-first  southern  parallel  Perceptibly 
filamenlouB,  it  soemed  to  grow  by  the  elongation  of  its  com- 
ponent threads  or  ribands,  and  included  within  its  vast  bulk 
probably  the  minimunj  wjnce.ivable  quantity  of  nuitter.  Ou 
the  aame  plates^  a,  group  of  amaller  but  inteuaely  active 
prominences  registered  themselvef^  at  the  BoJar  antipodes. 

An  example  of  a  transient  appsxitioUt  difiicult  to  classily, 
ia  given  in  Fig.  12.  It  simulates  a  portentous  confiagration. 
From  bottom  to  summit  the  red  pillar  of  hydrogen  mEHflured 
166,000  miles,  aiiijordiuy  to  J>r.  F^nyi's  observation  iil  2"  20'". 
19th  September  1893.  But  it  wholly  lacked  any  iuterior 
principlo  of  stability.  Opposite,  and  exceFsively  swift  movc- 
ntenta  in  line  of  eight  of  the  base  and  shaft  betrayed  the 
progress  of  deatruetive  change.  The  catastrophe  was  not  long 
delayed.      Within  less  than  half  an  hour  all  was  over      A 

■  t'?mpM  l^endvs,  «Gth  Jnn.  1S97. 
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nasb  upward  set  in  at  the  rate  of  1 3  2  miles  a  HetoiiiJ,  unTTing 
the  feail  cdi£ce  to  a  height  of  224.000  milea.  A  iiiinute  and 
A  half  later>  it  had  fod^d  and  dissolved.  *'  like  the  haaekee 
fabric  of  a  vision  "  leaving  just  *"  u  rack  hehiod  "  m  the  shape 
oT  an  insigniticaaD  protuberance  hedged  in  with  faeulie. 
■  Throughout  llie  course  of  its  api>eHrarite"  Dr.  Ft^nyi  wrote/ 
"the  entire  object  consisted  simpJy  of  vary  bright  lumincrufl 
bfinda  or  strips  scattered  one  after  another  in  ragged  forms, 
ftiid  apparently  lying  nearly  at  right  angles  to  the  limb  of  the 
&DS.  They  were  strikingly  bright  evea  in  the  highest  parts 
of  the  promineoea  The  form  as  a  whole  was  also  like  ci  band 
or  fltrij«,  which  had  no  proLOunued  inclination,  but  Btood 
Greet  nearly  in  the  direction  of  the  aun's  rudiuit,^' 

This  amazing  oulbursb  wa»  repenteil  with  ealiancemeota, 
oiaetoen  hours  later,  at  a  point  on  the  aun'e  limb  almost 
diametrically  oppoeit^  to  its  predecessor.  The  height  in  this 
case  attained  was  330,000  miles,  the  mean  velocity  of  »,3cent 
being  214  miles  a  second,  bfj^iile^  which,  retreat  from  the 
CArth  was  indicated  for  the  entire  luaaa  at  the  lute  of  cloae 
upon  160  miles  u  second.  A  convulsion  at  least  equally 
VBoleut  waa  witneased  by  the  eume  observer  on  24th  Uccember 
lS94t' when  ^  brilliant  and  w^de-epieadmi;;,  yet  tolerably 
tranquil  prominence,  56.000  mites  high,  suddenly  began  to 
njcnnt,  and  atFAiDed  in  thirty-  five  minutes  the  towering 
atoiure  of  300,000  miiea.  Speedy  disurganisation  ensued 
Leoa  than  two  hours  after  the  explosion  its  scene  was  vacant 
The  body  affected  by  it  had  been  shattered  out  of  eiistence 
by  its  destructive  violence. 

The  Kalocsa  obseirationa  were  made  with  a  visual  speutro- 
scope.  Simultaneous  photographs  would  have  beeo  of  especial 
value  for  comparison  with  them,  hut  leisure  was  not  aObrdcd 
§OT  combining  methods.  The  three  objects  they  referred  to 
voce  palpably  identical  in  character.  All  showed  pi^ecisely 
tb«  same  kind  of  structure.  They  were  made  up  of  glowing 
vertiuU  bands,  collected  into  loose  sheaves,  or  scattertKl  in 
oatlying  detach  men  ts.  Etch  eiiornious  aggregation,  too.  stood 
erect  during  the  tumultuoUH  prooesses  of  e:cpanaioD  and 
coliapse.      They  vrere  related  to  apot-gronps,  if  at  all,  only 

"  jUtrop^.  Jatm^  tuI.  L  p.  213. 
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bj  dtajn/tricitt  opposthon.  The  aingiilar  countorbaUaDiog 
teudoucj  of  solar  diBturbonccfl  ia  frequently  conopicaoUB,  and 
perhapa  rarely  or  never  absenu  Two  gigantic,  olthough 
epberaeml  appu-ritioua,  thus  coupled,  were,  for  inHULnue, 
observed  by  TrouvyloL.  26th  June  1385;^  aud  on  15tb 
August  of  the  dame  year  he  noted  the  apparent  conneGtion 
of  a  prodigious  chromoaphcric  onlburat  witb  a  epoLted  con- 
dition of  the  limb  180"  distant  A  relief  of  preasure  may 
be  concerned  in  these  phenomena,  s,s  m  volcanic  eruptioDs;  if 
ao,  the  lift,  or  dimiTintion  of  gravity,  must  act  right  hctosh  the 
eolor  globe,  qoickeniag  coavectiuD-cun^nts  and  f^tulitating 
the  antipodal  delivery  of  estra  Bupplies  of  heat.  In  point  of 
fact,  the  usual  prcmoritory  symptom  of  the  <:3cploaivc  develop- 
ment cf  prominences  is  a  dieeuga^ment  of  light.^  Exceptional 
brilliancy  is  the  forerunner  of  abnomial  activity.  No  satia^ 
fautoty  cJiuHK,  however,  uan  be  assigned  for  the  imagined  relief 
of  picflflure,  ainije  tidal  inflnencea  are  fairly  out  of  the  qiieetioD. 
Only  one  nudeuiahlc  inference  can  be  derived  from  the  con- 
trary Eiymractry  of  eolar  commotions.  It  ia  thi^t  they  are 
extremely  deep-seated.  They  huve  their  roots  in  the  hiddea 
profnnditiea  of  the  great  globe  they  agitate  exteriorly,  Th^y 
are  not  then  laere  local  aiicidenta;  they  make  an  intimate  part 
of  the  aolar  ecouomy.  The  reiMignibion  of  thia  cb^nictenabic 
ia  interefiting  and  important, 

Tho  tallQst  prominences  are  ordinarily  the  least  coherent 
in  atractuie.  An  example  is  ahown  in  Fig.  13,  from  ft 
drawing  made  by  M,  Fiinyi,  3rd  October  1S92.  Th« 
object  \tt  portrayti  was  almost  unique  in  ita  fantastic  and 
colossal  form.  Overarching  thirty  degrees  of  the  limb,  it  roaa 
above  it  to  a  height  of  oeatly  a  quarter  of  a  million  of  milee. 
Its  fr^mentary  composition  was  patent,"  Under  the  eyea  q£ 
the  delineating  artist  it  was  "  in  the  act  cf  being  blown  to 
shreds,"  Photographs  happily  aeeured  at  Chicago  aeven  honra 
later,  exhibited  it  as  then  fallen  to  less  than  one-quarter  of  its 
high  estate,  wbilo  of  augmented  lateral  spread.  These  repre- 
sented, of  course,  its  calcinm  aspect,  the  Kalocsa  drawing  ita 
shape  in  red  hydrogen ;  but  there  was  no  evidence  of  the  two 


^  Orn^ita  R»ndus,  t.  cl.  pp.  fiO,  4Tf> 

»  TrouTfllot,  Pulf.  Airlr.  L  iii.  p.  31. 

'  ftayij  Aair,  and  AitT^kytia,  roL  niL  p-  33- 


The  tremendous  velocitiea  observed  in  proitdnem^fis  oon- 
gtituLe  a  formidable  problcuj  in  nolar  phyaic^  Thej  not 
in£requ«ntlj  exceed  the  critical  rate  of  383  milee  per  second; 
that  hi  to  eaj,  thej  tranecend  tbe  limit  of  the  sun's  gray)- 
tational  contraliing  power»  and,  apart  from  possible  i-esislanoe 
by  a  medium,  ahould  carry  the  aubKtancea  animated  by  them 
finally   away   into  apace.       The   shapes  imd  motions  of  pro- 
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minencefl,  liowtver,  clearly  indi(iatc  aome  rolBrdative  action,' 
altbough  its  exceaaive  feeblenesa,  at  least  m  coronal  regions, 
cfln  be  inferred  from  the  unimpeded  circiilatiou  of  comets  pass- 
ing  within  a  hundred  thoitBand  mil&s  of  the  Bun'a  aurface. 
HencB  it  is  only  a.  aurniise,  not  a  certainty,  that  chroinospheric 
outbuista  are  attended  Ly  irrevocable  losa  of  matter.  The 
awifK^t  BO  far  recorded  took  place,  17th  June  1891,  in  con- 
nection with  a  spot  just  disuppoaring  through  rolatioii,  A 
concentration  of  vivid  luniinosity  yjive  the  signal  that  some- 
thing imusual  waaimpending/'and  after  six  P.M.,Kalocsa  mean 
time,"  M.  Fi^nyi  wrote,^  "  the  point  at  281"  shone  with  bo  giv^n 
a  brilliancy  that  its  reddish  light  seemed  bo  become  wlnte ;  an 
enormooa  displacement  of  the  spectrum  towards  the  blue,  at  a 
medium  he^ht  above  the  sun's  limb,  indicated  at  the  same 
time  an  approacli  of  tbe  hydrogen  in  our  direction  with  a 
prodigious  velocity."  The  eotire  object,  which  was  composed 
of  glowisjg  filanients,  lay,  in  fact,  on  the  more  refrangible  side 
of  the  C-line,  as  the  result  of  approaching  speed  up  to  550 
milca  a  second.  A  vertical  Eiscent  at  the  rate  of  300  milca 
being  meanwhile  directly  visible,  a  total  velocity  (ocglecttag  on 
uncertain  third  component)  of  about  680  miles  a  second  must 
have  been  attained  in  this  amazing  explosion,  Troiivelot's 
observubion  a  few  hours  earlier  cf  a  brilliant  and  peculiax 
facular  blaze  at  the  place  where  it  occurred  ^  was  sigmGcant;  of 
the  intense  energy  pent  up  in  the  epot-group,  wiiiting  release 
by  the  figurative  trigger -touch. 

Thia  ptominenee  easily  wins  the  prize  for  rapidity  of 
movement;  yet  the  competition  has  been  keen.  Velocities  of 
the  Banje  order,  arising  under  .similar  circumstances,  have  been 
frequently  detenninei  They  appear,  indeed.  Improbable, 
and  have  been  stigmatised  as  *^  fabulous."  No  actual  transport 
of  matter,  it  is  alleged,  con  be  in  question,  but  merely  a  swift 
transference,  through  gases  previously  obscure,  of  a  lujninous 
condition,*  But  this  does  not  account  for  the  conspicuous 
shiftings  of  spectral  lines,  which  could  not  ensue  from  the 
progress  of  incandescence  through   stationary  matter.     They 

'  DDalaadrDB.  indood,  abfiflrvad  T«]c»citicB  to  bfcomi,  u  a  rulfl,  accelerated 
ia  tlic  upper  »ectii>Da  of  i>roiuintiicca  {ihlipst  du  IG  A^ril,  lfl93,  p^  flQ]  ;  bat  tbis 
iiet'il  nut  imply  tUat  tliey  ftprinK  up  iu  n  |*i  feet  tatuiim. 

'  A^T.  fiTui  Astrujihysiei.  ToL  Ji.  p-  33.  '  H.  H.  Turner,  iftitf,  p.  6;. 

*   Br«tpr,   Tfifpriedji.  S^mI^  p.  64. 
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id   the   strict  applicatiou    of  Doppler's  principle;    real 

muBt  cctfrespoiid  to  tbem.     Nor,  eveu  If  there  could 

rpCioQ  about  the  inovemt-'Dta  of  proiakiencea  in  the  line 

;]it,  is  iUuisiau  posfiibit;  about  thciae  across  it.  And  both 
kjndfl  are  of  the  snmt  order  of  speed  \  tlmj^  are  com- 
plBmentary ;  ihey  represeut  difietent  aspects  of  ideaticfll  die- 
tvrbftncee.  Thm  is  not  all  Promine&ccy  are  otlen  viaibly 
twisted ;  they  are  compoaed  of  Gpirally  mountiEg  flames : 
while  to  thia  helical  confonnation  correspond  gym-lory  move- 
meiits,  aI  CiiiieH  di^iosi^  \\y  ihe  s^tecLrur^uj^.^.  Here,  at  any 
nte,  wt  have  to  do  vrilh  bodily  tranHportationa  of  matter; 
*  fauDUieKirace  "  canuot  be  propagated  vortically.  Beaides,  the 
nmoied  epeedjs  are  as  dithc-ult  to  explain  ou  one  hypotboeb 
ia  OD  the  other.  Chemical  action  does  not  spread  inaUto- 
luhfloualy.  Through  the  tenuous  gases  of  the  chromosphere* 
Liun  mte  of  one  mile  a  steeond  might  ha  u^^dgned  to  iU 
'a  rate*  Uiat  is  to  aay,  some  Luudreds  of  timeH  slower 

iht  velocities  to  be  cs^iliiined.  That  they  are  somehow 
of  eleottioal  jjtoduction  in  a  snia  a:$aertion,  Ukely  to  be  true,  if 
DoC  in  on  iiniue(:liai^,  then  in  a  remote  eeikse.  Yet  we  are 
liltli;  the  wiser  for  the  admiBdon,  The  "iioatiitg  of  an  idea" 
in  ihe  miitd  doeh  uot>  utiEfiLitLite  kiiowledgt' ;  Hcd  a  ^peeulatioD 
m  out/  valuabk  when  it  offera  a  definite  Btarting-poiat  for 
pnctical  rencorcJi. 

Total  eclipsea  have  ceased  to  be  iadispensable  for  the 
ptoeeoution  of  chromoHpherie  etudics^  Day  by  day  the  red 
rim  of  the  sun,  nith  the  strange  forms  protiiiding  from  it,  can 
be  viewed  si)ecti"osoojjically ;  and  day  by  day  the  wiine  objects 
vestured  in  violet  can  be  plioto<p^apbed  imder  the  broail 
ahelber  of  tbe  FraunhoFer  K-line.  Neverthclees.  noontide  d.irk- 
OOBB,  when  it  comee,  htm^s  very  appreciable  help.     Difforeacfis 

)tioeable  between  what  can  Vie  Been  in  and  out  of  ecLipae. 
to  the  bite  Professor  Tacthiiii/  the  chromosphere 
ftlwajs  appears  dee^jer  under  cover  of  the  intorposing  moon. 
because  it  is  ^urmoanted  by  a  piuk-white  margin^  gi^iiig  *^^- 
tiaugufi  light,  and  Ihcrclbrc  apeL-troacopically  iovioible  in  day- 
Ugbt.  Some  prominsncea  areprohably  of  analogouE  composition. 
Only  their  skeleton -forms  come  out  in  tlie  crimson  radiance 
of  hydrogen ;    tliey  are   compacted   and  clothed  with   white 

J  EihLe,  AatngA,  Ji-nm.  tdL  ia.  [■<  377- 
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mftterials,  the  ahiniug  c)f  whicli  is  effatsed  by  the  glare  of 
common  day.  A  spectroscopic  eiirvey  of  the  cfcromoapherp 
jind  its  appendages  should  heoce  always  be  made  immediately 
before  and  alter  every  eclipse^  for  comparison  with  the  dii'ect 
photograpbic  records  obtained  during  the  eorroapondm^ 
toCalitieB.  For  the  present  the  informiitioa  acquired  by  day- 
light! work  at  the  edge  of  the  smi  remains  under  a  partial  slur 
of  incoinpletenesa. 

The  objects  called  "white  prominencea "  belong  indeed 
wholly  to  the  pageantry  of  eclipaus.  l*'irst;  noticed  by  Tucchini 
at  Caroline  IslEind,  6th  May  1883,  they  showed  as  ludd  jets 
about  a  hundred  thousand  mil^  high,  with  a  surface  like 
granulated  silver,  Att^mpte  inmle,  after  the  leturii  of  day- 
light, to  view  them  priamatically  proved  fruitkaa;  they  gtLve 
forth  no  hydrogen  or  helium  raye.  Again  at  Grenada,  29tb 
Aagust  1686,  a  gigantic  helical  atructuro,  deacribed  by  Mr, 
Maunder  as  "  of  the  intensest  biIvei  whiteoeBB,"  *  towered  three 
hundred  thousand  milea  above  the  limb  of  the  moon.  Its 
apecLrum,  photographed  by  W.  H-  Pit'kering,  included  bright 
H  and  K,  and  Trofessor  Utile  accordingly  eutertaiued  the  hope 
that  fiuch  objects  might  come  witliia  the  range  of  his  spectro- 
heliugraph;  but  bo  far  no  truce  of  thorn  has  been  caught 
oubeLde  total  eelipae& 

Dark  chromoapherie  forms  are  not  unknown,  A"blaek 
protuberance,"  observed  by  Trouvelot  at  Meudnn,  Tth  October 
1892,'  might  have  been  only  a  negative  imprestdoQ,  like 
•'  block  "  flashes  of  lightning ;  yet  it  in  a  measure  falls  into 
line  with  eclipM-recorda  certainly  not  due  to  illusion.  In  the 
great  "anvil  proluberaoce  "  diecloeed  Tth  August  1869,  Dr, 
Lewis  Swift  saw  "  many  black  lines  croaaing  in  difl'erent 
directions,  and  inasmueh/'  he  added,  *'as  they  must  have  been, 
at  least,  fifty  thousand  milee  long  and  a  thousand  miles  broad, 
it  would  appear  to  be  important  to  understand  the  cause  of 
this  phenomenon,  and  [to  ascertain^  if  these  markings  are 
always  present"*  Corroborative  obHervatione  were  made  by 
Alvau  G.  Clark  and  Professor  George  Davidson.  With  tbem 
may  be  usefully  compared  Ml  Liais'a  description  of  a  black- 
edged   hut  colourless  prominence  watched  at   Faraoagua,  in 

'  Fhil.  Tratts.  toI.  dm.  p.  315.  =  VA^runotitir..  t  liL  IL  11. 

*  Ltdr  Keparta  op.  Total  Kdijte  tflat  January  J8^9,  p.  'JOi, 
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Brosil,  duriag  the  eclipse  of  7tb  September  1358,^  The 
onnpoeite  effect  was  not  due  to  contrast,  since  tbe  obecure 
lit  stood  out  jilone  when  the  bright  lower  portion  had 
L[)peared  behind  the  advancing  moon^  ThcjMj  Hiugukr 
pfaenovneii&  excited  little  comment,  and  Upsed  into  oblivion, 
00  that  duekj  ramiiicfltioiia,  connecting  and  defining  prominenc^fl 
ia  the  eclipse -photographs  of  9  th  August  1896,^  eeomed 
ealirely  novel  features.  They  were  explained  by  M,  HauBky, 
ft  member  of  the  BuBsian  party  on  the  Amur,  as  oiitdcws  of 
hjtlrogen  cooled  by  espinMion  ;'  but  int.iieqmi.tely.  Hydi-ogeu 
b«low  the  te^mperature  of  lumiiic«ity  b  trausp^irent.  ^nd  tbe 
pbotographed  veiDings  were  ileor^Iy  opitqne.  They  ^ftbrd  & 
hint,  that  will  certairtly  uot  be  diart^garded,  of  the  workings  of 
mLkbown  activities  in  connection  with  promiaence-clevelop- 
ment. 

'  Menurirs  Jlopii  AMr.  Social/,  rn].  xli.  p-  519  (Rjinjiuij). 

»  PAU.  TntiiJi.  Tfil-  pxc.  \..  204  (Wealty). 

•  £itil  dt  i'Aoad.  Imp.  da  Scieu'.vj,  lliu-i  lay?,  p.  1^63. 
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The  spectrum  of  the  chromosphei-e  is  iiluioat  purely  diacon- 
tinuoas.  Il  is  cumpoeed  of  deUclied  bright  lioes.  Some  of 
these  are  /iJwayfi  present,  but  the  majority  come  aud  go.  We 
will  ccnaidtii  first  the  pernianeikl  rtidiatioiiH. 

The  chief  of  theae  aro  roadily  ideutihed ;  they  belong  to 
hydroyen,  helium,  and  cHlcium.  Thirty  hydrogen  lines  have 
been  seen  or  photognij^hed  in  dispersed  chromospheric  light, 
all  inembera  of  the  original,  or  "  Hugglus  aeriGH,"  which 
attained  nearly  to  its  theoretical  limit  on  platea  exposed  by 
Mr.  Erershod  during  the  Indian  eclipse  of  1898.  The 
fundamental  C  {Ka\  is  the  brightest.  To  its  intensity  ia  due 
the  crimsoD  glo^v  of  chromoaphere  and  prominences:  and 
prominences  viewed  ape4?croseopically  on  this  line  appear  larger 
than  when  imaged  in  any  of  the  other  qualities  of  hyJrogen- 
light.  This  ifl  generally  ejtplained  by  the  iutluence  of 
temperature,  n  higher  degree  of  heal  being  needed  to  giTC 
complete  development  to  forma  of  shorter  wavo-leogth.'  A 
comparatively  moderate  chromospherie  temperature  would 
thus  be  indicated.  But-  there  may  be  other  influencea  in 
question.  Professor  J.  J.  Thomaon  made  the  significaut 
obacrvation  in  1895^  that  the  red  and  green  lines  of 
hydrogen  show  marked  difTerencea  of  intensity  at  the  two 
electrodes  of  vocunui- tubes,  the  red  predominating  on  the 
positive,  the  green  on  the  negative  aide  of  a  partition.  The 
hint  must  indeed  be  reserved  for  fntnre  use.  We  are  not  yet 
ill  il  position  to  apply  it  profitably. 

^  Frutt--ich->moj',  Adrt^iomisai  Speti'^onaipfit  ]it  ISP. 
^  /Voc,  Htfyai  Societji,  ro].  Iriii.  fu  IZfi. 
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The  heLum-dpectrum  of  tbo  cbromoBpheru  also  gives  rise 
lo  some  interefitiiig  considdrations,  For  its  varioua  constitu- 
©nt  series  are  not  rt^preaented  indiecrimijiiitely  nt  the  ecjge 
of  the  sun.  These  Btries,  we  may  remind  our  i-eadera,  are  bji 
in  number,  &ttd  tbey  ore  diatiihuted  with  beautiful  precinioh 
into  two  correpponiling  triple  ayatems.  They  may  be  dis- 
tioguished  lor  couvenicnce  as  "  yellow "  and  *'  green/'  D^ 
giving  the  tone  to  tha  former,  several  vivid  gre^u  linuK 
characterising  the  latter  set  In  the  laboratorj,  as  we  ha\"e 
Men,  Uxcy  iirtr  iiisi^ji Arable  i  one  set  cauncit,  hy  any  artifiu?  ho 
fax  devised,  be  procured  apart  from  the  compaQicm  set. 
But  it  ifl  otlierwiae  in  the  sun.  Yellow  helium  is  olwaja 
preaent  in  the  cbromoqjhere  and  prominences ;  green  helium 
o&ly  about  one-fourth  ba  often  as  it  is  looked  for.  The  per- 
manent chromoBpheric  Lnea  are  four,  namely,  one  far  down  in 
the  red  at  \  70135,  the  familiar  Dj,  a  deep  blue  ray  a.1  \  4472 
(formerly  known  oa  "/"),  and  the  ultra-violet  "leader  line*' 
Uie  principal  series  at  X  3889.  Theee  have  probably  many 
itee  of  still  shorter  wave-lengths;  but  photographic  data 
are  too  scanty  as  yet  for  purposes  of  diaci^imi nation  between 
the  constant  and  the  ooeaaional  elements  of  the  ipeetrunL 
Tbcy  do  not  proctwd,  it  raiist  W  hornf.  clearly  Lei  mind,  from 
two  subfittuiced,  but  from  one  indiviaible  form  of  matter. 
differently  conditioned.  In  what  way,  it  Li  not  eaay  to 
imagine.  Laboratory  experiments  show  that  the  green  act 
of  linea  gains  relatively  in  brightness  with  rarefaetion,  although 
the  yellow  set  pe^«islJ^  jw  well  to  the  limit  of  practicable 
ejhaoatiou.  This  indii^atian,  however,  doea  not  o^ien  a  way 
out  of  the  cbromosjiheric  difficulty.  The  gaecs  near  the  sun 
&re  of  inordinate  subtlety.  Helium  ought  there,  it'  this  filone 
were  the  determining  quality,  to  be  in  the  ffreen  Btate.  Its 
most  Inndamental  emanation,  neverthele^,  is  D,.  Nor  in 
ita  dominant  petition  compromised  in  the  highest  prominences, 
Oa  the  contrary,  the  gt«en  rays  nearly  awaye  prtx:eed  from 
lower  lyia^,  and  therefore  from  denser  strata  than  the  yellow.^ 
Supplumeutary  intiuencee  are  then  active — temperature,  mode 


'  Soaiit  AmBiivau  iibfti^gniilia  L&kea  during  (hv  eclj|ae  <if  28tU  Ukj  1900 
lAMropk^  JDunu  \a\.  xii.  p.  6S]  show  k  brigbteniD^  iL^jnard  fraiiL  tha  hmb^  u  if 
thffMgh  EDrniMd  mrfftcliaii,  af  a  fev  linoji  Lvluii^ng  Id  grMn  hd.1iiTii-  '  This 
behATivor  runs  iu  tlic  diivctian  indiumtE'd  hy  vunuiD-tubt  oii^rifiDcc. 
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of  illumiiiatioiij  admiTtturo  of  foreign  nutteriala.  To  this 
UtC«r  cauHe  of  spectral  niDdificatioii^  helium,  we  know,  is 
abnormally  seuaitive.^  And  it  ia  quite  possible  that  eome  of 
the  series  emitted  by  it-  may  bo  more  liable  to  euppreseioa 
than  otbere,  in  which  case  the  emer^^ence  of  the  yellow  with- 
out the  green  aet  would  be  an  effect  of  damping,  not  of 
density.  It  must,  neverthpla**,  be  admitted  tliat  what,  little 
ralevAnt  experimental  evideuca  there  is,  searcely  (^ountiBitaiicea 
this  surmine.  The  complex  apecfcra  derived  by  ProfessorB 
Liveing  and  Uewar  ^  from  the  volatile  rceiduum  which  Burvived 
the  fr^OEing-out  of  the  main  conj3tituent8  of  atmospheric  aiTj 
included  rayg  talcQQ  Impartially  from  all  the  heliam-aeries. 
No  qiiantiutive  analyRia  of  the  L-ontenta  of  their  hiV)e3  waa, 
however,  puKHihle;  and  the  fact  has  beeu  otherwise  learned 
that  the  helium-ingredient  of  a  blend  must  be  predominant 
to  become  apectroacopically  conepicuous.  Every  volume  of 
hydrogen  present  in  the  chromosphere  (neglecting  the  effect  of 
metallic  vapours)  should  thus  probably  be  diluted  with  two 
voluniea  of  helium  ;  cuiidtituLin^  the  Kolar  appeuJage  largely 
a  helium  etivelopu.  This  important  piec^  of  iuibrmatiou  was 
brought  within  reach  only  by  terrestrial  obecrvation  of  the 
new  element  captured  from  clevite. 

The  significance  nf  caleinm  lu  its  chi'oraoapheric  relationa 
hag  only  of  late  been  fully  recognised.  And  this  for  an 
obvioua  reu,8oiL  It  ia  represented  by  oidy  one  [tair  of  lines — 
bright  H  and  K — anJ  these  are  bo  near  the  limit  of  vieibility 
that  tboy  could  bo  effectively  studied  only  by  the  aid  of 
photography.  They  wore  indeed  registered  oe  leading  features 
of  the  chromoapherte  EpecLrum  by  Professor  Young  in  1872; 
but  he  waa  entirely  incredulnua  as  to  their  calciimi  origin, 
holiliijg  it  inipoaaible  that  a  substance  with  a  vapour  deiiaity 
forty  timee  that  of  hydrogen  should  mount  to  at  leaet  equal 
olevationa  above  the  auu'a  Burface.  Sir  Korman  Lockyer,*  on 
the  other  hand,  maintained  them  to  be  charactaristio  of  a 
subtle  dieaociation- product  of  ctilciitm,  alleging  in  support  of 
his  view  the  pn^grfusiva  enfeeblemL-nt  of  the  "blue  line"  of 
calcium  (V  4237),  concuireutly  with  the  enhanL-ement  of  H 
and  K,  aa   the  eubstance   waa    more   and    more    completely 

1  BifP  afLie,  p.  au,  *  Prtjc  Hanoi  SodUrf,  rol-  bcTii.  p.  407. 

'  The  ChamUiTy  P/ tha  Sun.  \i.  191- 
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decomposed  at  cacIi  addition  of  intQTisity  to  the  electiic 
current  transmitted  ttiruiigh  the  vauiiuTn  tub^.  The  vane  for 
dinocaation,  Ap|jeared  fittoii^  ;  it  has,  uevertheleaa,  fatckeii 
dovriL  Sir  William  and  Lady  Huggins  in  1897  eucceesfully 
reduced  CAldnm  to  the  "  twodiue  "  conditiou  tj  attenuation 
akmo.^  Thus  the  enigmatical  pi'DmiQence-Bpectriun  of  calcium 
WBfl  at  \bsI  nrtificially  produced,  and  lo  escape  was  left  trom 
iha  idtmtificatioii  with  true  luetallic  cn^ciuni  of  the  foi^m  cf 
flutter  encotupabaiog  the  miu  with  violet  radiatice. 

A  forniidahle  problem,  liowever,  remained.  Calcium  near 
the  aon  seems  to  poaeosa  a,  Untating  f^iculty  altogether  inejc- 
plioftbla  It  fioatfi  as  high  up  as  hydrogen,  or  even  overtops 
iL  H  and  K  are  the  moat  dilfusive  of  all  tht^  promineDce- 
nja;  they  are  denveil  fi^onj  the  atimmits  of  the  talleb"t  flamee, 
and  from  every  Jibre  of  their  textvire.  This  anomalous  agility 
la  A  comporatiTely  heavy  metal  muat,  according  to  Ihe  late 
FiofoeBor  Keeler»^  be  the  index  to  soma  remarkable  property 
aoTecognised  by  ordinitry  chemical  methods.  Unleee,  indeed, 
somethiDg  analogous  to  electrolytic  actiou  be  in  queetiou.  There 
m  much  to  be  said  in  favour  of  M.  Dealanflren'B  opinion  that  the 
duomoflphare  ia  electrically  luminous  :^  and  if  bo,  theu  "  ions," 
not  molecules  or  atoma,  ^rc  preeumably  its  constituting  particlep, 
Btat  ions  are  on  a  Lilliputian  ar^ale  of  magnitude,  and  they 
may  be  of  nearly  the  &ame  mas^  for  all  the  chemical  elements. 
Here,  however,  we  trench  upon  a  region  of  pure  sprculation. 
A  n^ou,  neverthelesa,  that  is  likely  ere  long  to  be  annexed, 
ID  part  at  least,  to  surveyed  teiTitory,  since  pioneers  are 
ac^Toly  engaged  therev  Much,  in  the  interpretation  of  solar 
phenomena,  depends  upon  the  results  of  their  work ;  for  here, 
ju  in  every  department  of  aetrophyaics,  Che  experimental 
decisions  of  tarre»Lrial  phytfica  must  be  awaited,  net  antid- 
pated. 

The  three  ingredients  of  the  chromoBphere  eo  far  apoken 
of — hydrogen,  heimmj  and  calcium — are  found  as  well  in  its 

^  Pnc.Ito}/id  SiKkty.  vol  UL  p,  4Sfi.  Uotidn  K  ud  E,  nAwi  of  them 
mrrire  iu  m  (aii  ittuiilcd  !ui  high  in  thv  oltn-violel  that  Lliej  caa  doIj  ho 
|dMitogn[t|]flii  viih  «  iii^eUMy  iid«pl?d  apTi4Tata§.  Their  wmve. lengths  ■» 
\  317V  *od  \  Sl59r  Thej  miy  or  miij  not  be  cb  roinotpbunc  lisea,  Tli«r«cDrdr 
■»  &r  abl«in«d  4o  not  evtaad  to  tlieir  renaote  f<dituiti, 

^  SHiitUno/tkt  Yrrhv  OhKtratifrji.  No.  1,  1807- 
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eraptive  outgrowtha  Goaooua  prominencca  of  all  aorte  and 
Biaes  are  thus  triply  compounded  But  we  have  now  to  con- 
sider a  form  of  matt^^r  pernwnently^  present,  in  the  chromo- 
sphere, though  rnrely  projacteJ  to  ttny  considerable  Jiltitude 
above  it-  Its  badge  is  a  single  green  ray,  which  Laa  a  ourioua 
hiebory.  It  was  momentaTily  identifted  with  an  auroz-al  line; 
it  wae  lo!ig  orroneoualy  identified  with  the  distinctive  eorona- 
Lina  It  is  apparently  reversed  in  the  sun — that  ib  to  eay, 
a  Fraiinhofer  Ifne  falls  just  in  its  pluce.  This  is  Kirchhoffs 
"  1474  "  (kncwn  as  1474  K).  whit;h  lias  [iroved,  under  tloee 
scrutiny,  to  be  triple.  It  reaults  &om  absorption  by  iron, 
by  cobalt,  and  by  an  unrecognised  eubabance.  Now  the 
chioiQOBpheric  ray  a^raos  in  position  with  the  iron  line,  which 
is  one  of  secondary  importance;  yet  it  cannot  at  pr^ent  be 
asaerted  confidently  that  it  rt*ally  emanates  from  glowing  iron- 
vapour.  If  it  did,  it  should  be  ordiniiriJy  aasotiated  with 
other  iron-lines,  and  none  have  been  ascertained  to  make  part 
of  the  fundamental  chromoapheric  spectrum.  Tbe  vapour 
giving  out  '*  1474  K/"  howeverj  is  never  absent  from  the  solar 
envelope.^  although  it  perbrtps  subsides  at  times  into  its 
lower  strata.'  On  the  other  baud,  it.  occfisionully  rises  in 
metallic  pmtainences  to  a  height  of  ubout  fifteen  thousand 
uiilefl.  Mr.  Lord,  at  the  Lick  ObaervaUity»  observed  the 
enigmatical  line  (\  55 16"8)  aa  shimog  vividly  at  the  baae  of  a 
violently  disturbed  prominence  on  4th  August  1392*  and  Mr, 
Kvershed  records  simikr  experiencea.  Dr.  F^^nyi  caught  a  still 
rarer  effect  on  19th  February  1S92  iu  a  prominenee  attending 
the  great  spot-^Toup  then  visible.*  The  object  was  peculiar, 
though  not  unique,  in  showing  complete  forms  built  up  of 
tbe  various  metallic  and  other  ^ubstaoces  injected  into 
it  from  below.  Fig.  14  reprodiaces  an  instructive  drawing 
made  on  tbe  spot.  The  bottoin  sketch  waa  taken  on 
the  0-line  when  tbe  eruption  was  at  its  height.  It  reached 
an  elevatjou  of  5G,000  miles.  The  over-arching  of  three 
tibimonts  towards  a  point  at  some  distanoc  from  the  base  is 
noteworthy.  The  secoud  drawing  in  Fig.  14  is  of  a  date 
twonty-fooT  minutes  later  than  the  first.     It  depicts  the  fianie 


'  Bala,  Anfrifph.  Jtrarn,  vol.  Th  p.  3SSi 
°  Kveridifd,  Natun,  fitli  de]»L  1&Q7. 
'  Atlr-  ami  Adrcp^Uv,  trot  ti.  ji   7'Jb. 
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m  "  parhelinin  "  light.  The  image  viewed  waa  constructed  on 
the  rtd  my  of  "gn*ea  "  heluiiii.  Tfiis  wilh  juudt  smaller  tbaii 
the  HiDmlttiiieoitn  hjdrogeti -image,  iitid  that  ohtiLLQcd  on  the 
"  14  74  "  lino  had  ahrunketi  atill  further  But  il  was  moifiored 
St  balf-pLat  tea^  ad  hour  aftor  the  drnwiu^  oa  "  C "  [lad 
bocm  made,  when   Ifae  first  vehemeDce  of  i^ha  outburRt   hod 


Od  C-llDF.  t7lh  Feib.  LSOV,  9^-  «CI~.     HltS^t  -  134* 

5ub«ded  The  line  1474  R  Lb  ungulorlj  exempt  from 
dxeplncemen^  eETectB  through  motioD.  It  lemainB  erect  and 
andeviat^  in  the  \aid&i  of  HoUr  etorma.  Nor  doee  it  widen 
perceptibly  witti  increase  of  preesure  downward.  Ite 
iDv&rLible  fiDeneM  eonrrraaia  reuiarkuhly  with  the  wedded 
shftpe  [leor  the  phulobphere  of  0,  H,  aud  K.  Uauaual  agita- 
tion ie  betokened  hy  its  eruergenoe  in  prominencea 

Eclipee-BpectrogTQphB  do  not  Lnclude  it,  while  they  havo 
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afTordad  Bomtd  other  quite  unexpected  resultE.  Of  special 
conflec[uence  is  Mr,  EverEhed's  'letaction  of  titAiiiuni  &s  an 
unfailing  chnjijuisplieric  element.^  Plates  exposed  by  liini 
in  India,  2 2ud  January  1898.  proTed  to  be  crowded 
with  ultra-violet  linca  belonging  to  this  metal  Some  among 
them  bad  indeed  been  already  recognieed  by  Mr.  Jewell  m 
Professor  Halo's  daylight  pUotogmplis  of  prominenoe-speetra.^ 
The  hei^t  to  which  they  extended  indicatas  a  iliFftisivenesa 
for  titauiuni-viipciut  equal  U'i  th&t  of  hydrogen  and  helium, 
although  inferior  to  that  of  calcium.  Its  atomic  weight  on 
the  hydrogen  ecale  ie  4S  ;  it  is  juet  as  much  lighter  than 
iron  aa  it  is  heavier  than  calcium.  Btit  comparative  vapour- 
deoBltieu  ars,  bo  to  epeak,  impotent  for  the  regulation  of 
eJeraental  distribution  near  the  sun.  Another  snrprise 
afforded  by  the  Indian  eclipse  was  the  conspicuous  presence 
in  the  chrotnosphore  of  scandium  as  well  aa  of  inanganeae 
and  chromium;  while  Mr.  Hartley^  has  idectiticd  as  another 
of  itfi  constituGUta  the  rare  metal  ^Ihum  from  two  of  its 
characteristic  linea  (X  4172  and  \  4033)  recorded  during  the 
eeltpae  of  1893, 

On  29th  September  1897,  Pitifeasor  Hale,  using  a 
grating  apectroscope  on  the  forty-inch  Yerkee  refractor,  dia- 
cemed  the  green  carbon  tinting  bright  at  the  edge  of  the  sun.* 
Two  yearB  later,  he  found  the  correeponding  yellow  band, 
although  the  third  in  the  blue  remained  imperceptible.  He 
inferred  the  permanent  existence  near  the  sun  of  a  shallow 
layer  of  carbon  Tapoui/  Its  raya  do  not  come  near  the 
surface ;  they  have  to  be  drtdgrd  for,  Hent«  the  extreme 
delicacy  of  detective  observations.  The  anomaly  of  tliis 
behaviour  on  the  part  of  carbon  is  glaring.  Its  specific 
lightness  ought  to  carry  it  to  altitudes  far  beyond  those 
attained  by  titanium  and  calcium.  Vet  it  lies  sunken  almost 
out  of  eight,  wbile  they  float  manifestly  aloft  Some  other 
aorting-out  influence  besides  that  of  graN-ity  palpably  comes 
into  play  in  the  chromosphere  and  prominences.  The 
poiseaaion  by  the  sun  of  r  carbon -envelope,  which,  although 
thin  visually,  must  really  be  at  least   500,  and  may  well 

'   Tfw  Iiuiian  SUiptr,  ]i.  70.  ~  Aftropk,  Joitnt.  roL  at  pi  S43- 

»  Ibid.  p.  las.  '  HiUL  ml.  vi.  p.  412, 

"  Ihid.  ml  1.  pp.  112,  2S7. 
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be  1000  milee  in  deptb,  has  aa  important  bearing  upon  tbe 
vexed  question  of  photoBphuTio  uoiiBtitntion,  and  lenda  to 
Strengthen  &  bai^ly  indicated  an&lcigy  between  the  Bun  aod  a 
peculijir  d&£S  of  r^d  slarn. 

The  chronioapheric^  ep6ct;rum,  when  its  odveuLitioua  elemeota 
Are  reckoned  in-  is  highly  t^ompleit  During  a  few  weeka  of 
1672,  I'rofL-aaor  VouDg,  by  vigLknt  watching,  determined 
273  lines  seen,  in  the  clear  &ir  of  the  Rocky  Mountains,  to 
lUsh  out  itJtei'Diitt^Qtly,  one  by  one,  or  in  companies  leather. 
And  this  firal,  aytitfimatic  enumeration  waa  suljHtsjuentlj 
gnttlj  extended  by  its  author,  nhils  crowds  of  ultra-violet 
Haee  have  been  added  by  the  photographic  iuTestigations  of 
HaJe,  DGalondrea,  Eveishcd,  and  others.  l*'cr  t)ie  most  part 
Ihe  rays  brightened  in  eiuptiona  are  reversala  of  i*rauuhofar 
lute^r  picked  out  largely  at  haphazard,  yet  with  an  obvioug 
ptcfcreni^e,  eipreaaly  noteil  l>y  Sir  Norman  Luukyer,  for  tn^ch 
u  are  vivifltHl  when  the  higher  exciUiment  of  the  spark  is 
for  the  arc  in  Idboratory  eiperimentfl.  This  has 
to  imply  that  the  chromoapheric  is  eBsentiiilly  a 
high-temperature  Bftectnun ;  but  the  facte  may  be  differently 
inUrpreted. 

Among  the  elementa  moet  apt  tu  ahiue  evaticHieutly  in 
nelalUc  promineucea  are  fiodium,  magnesium,  "green"  helium, 
barium,  iron,  vanadium,  and  strontium.  Gigantic  ragged 
forms,  eapcciaUy  when  they  oppeiir  in  high  latitudes,  are  of 
relntivoly  simple  chemical  tompoflition  ;  or  it  may  be  that  their 
eondition  favoiuB  the  visibility  of  only  the  most  persistent 
ndialions.  Small  compict  prominences  yield,  at  any  rate, 
much  richer  harveets  to  gleaners  of  spectroscopic  novelties. 
A  specimen  of  thi'i  class  was  observed  by  Father  ^idgreovce. 
lOlh  September  1391.'  It  presented  the  aspect  of  "four 
blowpipe  jets  iot^nEclj  bright  at  the  bends,"  was  I6,0C0 
miles  high,  and  laated  only  an  hour.  TwejiLy-sii  brilliant 
linM  were  counted  in  the  visual  part  of  its  spectrum,  the 
IDvisible  part,  in  the  absence  of  suitable  appliances,  remaining 
anrecoided.  The  shape  of  this  Hamo  vraa  equally  well  dehncd 
in  both-  the  red  rays  of  helium,  and  appe^ired  nearly  the  same 
in  lodiiun  and  magnesium.  The  spectral  peculiarities  of  such 
objects,   however,  are   most  marked  in    the    ultra-violet.     A 

"   vlXf-  and  Jttrc^yMia,  vol.  kL  p.  M. 
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photograph  i&kea  at  the  Kenwood  Obeetv&toiy,  15th  October 
1893,  re^stered,  from  txn  undistinguished  prominence,  no  leee 
than  Beventy-four  bright  lines  between  the  wave-lengths  39Y0 
and  2630,^  meet  of  them  being  of  unknown  origin,  But 
since  then  ib  has  becoiQe  poaaible  bo  identify  &  doien  and 
upwards  with  raya  measured  in  the  Bpe-ctm  of  krypton  and 
senou  by  ProfeasorB  Liveing  and  Dewar;^  and  tho  circum- 
Btante  se^ma  to  oseociate  those  scarce  atmoepheric  gases  with 
helium  as  chromoapherio  constituents. 

Ocwjsionatly,  uuder  drcumstaiiijes  not  yet  defined  or 
underatiwd.  piominenccfl  emit  continuous  light  The  sheeny 
white  objects  Bometimea  seen  under  cover  of  the  moon'fl 
shadow  owe  their  peciiliaiity  to  this  cauae.  Tho  whole  gamut 
of  prismatic  radiance  ia  derived  from  them^  with  the  addition 
of  bright  H  and  K  and  a  suspicion  of  hydrogen  lines.  Thus 
Liiey  are  essentially  calciuTU- forms  intcrpenebntbed  with  glowing 
d/tbtt.  Their  light  ia  probably  original  If  it  were  retlected, 
traioea  of  Frauuhofer-abBorption  which  seem  to  bo  missing 
ahouJd  be  perceptible.  DiatinctiveJy  "white"  prominencea 
are  not  common  ;  none  were  observed  during  the  totality 
of  28th  May  1 900-  But  "  red  "  prominenc^B  differ  consider- 
ably in  col  OUT- i  lite  n^ty^  all  tlie  ruddy  shiuleH,  from  deep  nihy 
bo  pale  pink,  being  repreficnted  in  them.  Maoy  perhaps 
consiflt  of  a  criniBDn  core  veiled  in  ahnost  colourlcsB  matcriaU 
Certainly  all  arc  not  oqiially  well  seen  in  and  out  of  eclipse. 
From  11  comparison  of  drawings  made  during  ths  totality  of 
1870  with  hJH  own  simtiltdueoua  daylight  observations, 
Tttcchini  inferred  that  ths  sj»ectroHcoj*  tliwJoaed  only  tho 
cores  of  flame  in  such  objects  ;**  and  the  eiperience  was  Kpoated 
on  the  oceaaiou  of  the  Egyptian  echpae  of  17th  May  1832. 
The  four  promint^ncee  theu  measured  were  of  a  rosy  tint, 
lightening  towards  the  margins,  which  looked  aa  if  edged  with 
a  lustrous  fillet.  "  Tlieae  results/'  Professor  Hale  writes, 
"may  be  oo^ept^d  aa  cBtahli^hing  an  important  diHerenca 
between  the  spectroscopic  and  eclipse-images  of  prominencee," 
NerertheteBB  the  ddlerencc  is  not  eonstontly  proeont.  Soma 
chromospheric  forma  are  identieal,  viewed  priamatioally  at  the 

'  At£r.  aiid  jlMrvjihyitiot,  Tot.  jd.  p.  B21. 

■  JVoc  I^oj/nl  Sorifiy,  ffob  hiviil.  p.  3M. 

3  3«  IK  nlnablfl  dLnuBBion  b;  titla,  Aatrofh.  Joum.  vol.  iii.  [i^.  371  387. 
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edge  at  the  snn,  or  directly  in  the  daik  beside  the  ocx^idting 
moon.  These  are,  of  cxjurse,  purely  gaseous  i  the  others  pre- 
fODasblj  give  &  mixturo  of  continuous  nad  diecontinuoua  light. 

A  very  curious  feature  of  the  prominence-tpectrum  wae 
aacertaiaed  by  Mr,  Evershed  during  the  eclipse  of  1898,* 
It  beeoTTiPs  contiuuouB  in  the  extreme  nltia-violet.  The  range 
of  unhrnkeu  radiance  begins  abruptly  Just  where  the  hydrogeu 
eerier  ends  (near  X  3663),  and  extauda  to  the  limit  of  the 
plflte'fl  seDBitivcness.  Not  even  fk  gucse  can  be  hazarded  at 
the  pbyaicfil  condition  underlying  this  i^diative  vagary.  A 
difltent  cause  must  be  aecrihed  to  cenain  local  outbursts  ol' 
whitK  light  in  eruptive  prominences.'  Thin  Byiuptom  uf 
difiturbjin::t9  ha^  been  inter^iri-ted  by  FrofeHWDr  Hale  ua  follows. 
"Objects  of  the  kind/'  he  saya,^  "are  closely  related  to  faculie, 
and  probably  riac  from  them.  It  thus  occaaionally  happens 
that  a  violent  eruption  corricB  eomc  of  the  whit€-tot  particleB 
to  a  considerable  distance  above  the  photosphere.  In  aueh  a 
owe  the  prominenee  gives  n  rontinnous  spectmn:!  in  addition 
to  iLa  bright  lineji."  The  explanatioo  may  pyas  muster,  fiinoe 
no  better  has  been  ofiered. 

M.  Deslandres  succeeded  in  showing,  early  in  1892,*  that 
the  aun  may,  in  a  ri^tricted  senee,  be  designated  a  *' bright 
line  star" — that  ie  to  say,  he  elieited  from  the  aggregate  of 
itiA  light  evidence  of  giiseous  enir^sions.  Treating  the  huij  nf; 
a  star  by  admitting  into  hiH  s^tectrographic  appuratuf  the 
whole  of  its  rays  eimultaneoiisly,  he  obtained  vivid  reveraala 
of  the  violet  calcium  linens.  But  this  is  only  poeeible  when 
the  calcium  flamce  crowning  faculse  are  widely  and  strongly 
developed.  Ordinarily  tbetr  emiasiouB  are  drowned  in  the 
Hnrgiog  flfMHl  of  continuous  radiance.  But  feeular  maxima 
recur,  coiuciJeutly  with  qtot-maxima,  ouce  in  about  eleven 
yeare  ;  m  that  the  periodicity  of  the  aun  might  ctmceivably  be 
determined  by  this  one  feature  at  distances  obliterativc  of  all 
other  signs  of  disturbance.  lHoi  that  the  Run  viewed^  say, 
from  Sirius,  could  with  our  actual  appliances  be  detected,  even 

*  JftJ.  Tranr.  vol,  fucvii.  A,  p.  000. 

'  jKtr.  lijui  Aatrvphvptcst  toI.  xL   p.  431  ;  CvmpUs  ReJidtv^  17th  Aug.  1691 

'  JM*.  ivna ^ilrnphjfMha,  vt,}.  liii.  p.  IIS. 

•  Compta  AMJfU,   SStb  Jolj  1B03;    £»«Ja4*,  wI.  xvi.  p.  Hfl  (A.   M. 
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at  ctthniuattng  epochs  of  agitation,  as  a  bright-line  Btar. 
Some  of  hig  fellow-atara,  however,  may  be  in  a  greatly 
enhanced  stage  of  hia  condition,  and  we  may  leam  to  follow 
their  vicieaitudee  by  epectrographic  obeervationa  of  the 
alternate  glimmering  and  l&idii^  of  fine  raya  projected 
npon  the  deep  shadow  of  their  calcium^abeorption.  Thua 
the  meana  may  be  afforded  of  ascertaining  the  flow  of  change 
in  remote  and  gigantic  orbfl  \  and  we  shall  perhaps  in  the 
fatore  be  better  acquainted  with  the  cyclical  peculiaritiea 
of  Capella  or  Arcturus  than  with  thoae  of  our  own  "  particular 
otar." 
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THE    COllONA, 


Tjis  corona  is  exduaWelj  au  eclipse  pheaojncnoiD.  No  eooner 
ie  totality  eatablialied  than  jt  ia  tbore.  It  oeems  to  baye 
fOnerged  from  notliingneasj  to  buve  ftrrived  (rom  uowherc.  It 
starts  into  Tiew  with  the  abruptness,  tlLe  inoxplicdbleEieBS,  of 
au  apparition,  "  Tha  sun,"  Pi'ofe&flor  Langley  saye,  recording 
hifi  irupresaiona  of  the  eclipBc  cif  1869,  '*  went  ouL  a^f  Hudileiilj 
ae  a  Llown-out  ga^-jet,  and  1  beuime  as  amMkiAj  awaie  that 
oil  around  where  it  hiid  been,  there  had  beec  growing  into 
TinoD  a  kind  of  gbosttj  radiance,  couipoaed  of  raparale 
|>e&i]y  beams,  looking  distinct  each  from  each,  aa  though  the 
bla4:k  cinJe  where  the  aun  once  was  bristled  with  pale 
Btretimera  stretching  lar  awftjr  froin  it  in  a  sort  of  crortn."  ' 

The  corona  (jreeenta  vuriouB  aspects,  but  it  may  always 
be  described  oa  composed  of  extended  streamers  springing  trom 
a  much  more  intensely  luimnouB  ring,  tho  Bo-called  "  inner 
corcna."  There  is  no  real  separation;  the  entire  appenJnge  is 
(evidently  framed  on  the  same  conBtnietive  principle;  yet  the 
distinction  bi  olivioits  visually,  and  convenient  dcH^riptivety, 
"  I  do  not  know,"  Mr,  Francis  Galton  wrote  of  the  corona 
viable  16th  July  ISGO,  "  to  what  1  con  ju^Uy  compare  that 
magnificent  meteor.  It  ditfered  from  other  ohjecta  in  the 
remarkable  whit€neag  and  purity  of  its  light,  ani  also  in  the 
definition  of  its  shapie  as  combined  with  a  peculiar  tendemesH 
of  outlina" '  Both  Im  and  WLune^^ke  noticed  tha  oitrvalure  of 
some  "  long  arms  of  light "  pi-otruding  from  the  ring,  vrhlle 
ether  rayfl  took  "  a  more  or  lees  tangential  direction."     Madler 

1  Tju  Kms  Aatrtmtm^,  p.  40. 
IS3 
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waB  atnick  with  the  ddemtinaUnesff  of  tbe  formation.  What 
he  Baw  was  no  vague  light-offoaion,  bat  a  congerioe  of  sharply 
t€nniiiflte<l  beamy  sheai-es,  Tliia  ia  a  radicid  characterietic 
The  Rcjlur  (lorona  ia  a  texture  of  aigiiificanL  pattern.  There  ia 
indeeJ  much  dLfficulty  in  l&ying  bare  the  original  denigTi.  A 
aYilierical  atr^Inmeraticm  projected  on  a  plane  gives  riae  to 
intricate  ollecta  of  perspective,  from  which  the  true  rehitiona 
in  solid  space  of  the  objects  originating  Ihom  can  be  deduced 
only  by  carefuJ  and  systettiatic  interpretation  on  etrieb 
geometrital  printijilea.  The  problem  wa*  utt-icked  by  Profesaor 
Bch&eberle^  with  the  help  of  an  ingcmoufily  coutriyed  model, 
photographs  of  which  ehowed  divergent  roda  inserted  over 
the  Burface  of  a  globe  oa  apparently  intercrossing  and 
interlacing  in  the  flat  picture  imprinted  on  the  plates. 
Tc  is,  however,  w^ll  to  remember  that»  while  curved  rays 
may  be  projected  tw  as  Lo  seem  atraight,  rstniighb  rays  can 
never  appear  curved.  BeamB  that  show  flexure  are  in- 
fleobed  Nor  can  a  semblance  of  double  curvature  be  given 
by  perspective  to  those  bont  simply  in  one  direction ;  more- 
over, rays  that  are  actually  normal  to  the  siin's  Ruiface  must, 
&om  all  pointfi  of  view,  appear  radial  to  the  limb,'' 

Coroual  sbructure  is  of  immense  variety.  It  ia  intrinsic- 
ally of  a  radiated  character,  and  the  fact  ia  of  primary 
importance.  There  are  no  signs  of  concentric  armngement ;  * 
coronal  materials  do  not  form  ahella  or  onvclopea^  such  as 
surround  the  heads  of  comets;  they  are,  on  the  contrary, 
drawn  cut  into  fibres  by  fort^tt  acting  upon  them  io  rainuta 
detail.  ComparisonH  to  ^«u  gla»i  and  to  wlVen  filainenta 
indicate  the  delic:atc  nature  of  the  abining  tiBBiie  t^pread  round  the 
obacured  sun.  There  aro  imieed  differences.  The  tihrea  eome- 
ttmes,  aa  iu  the  corona  of  22nd  December  1870,  look  to  have 
been  *'  combed  out,"  but  more  or  less  of  derangement  is  usually 
{jrevalent.  Tan^rled  hanks  of  thread  are  often  suggested,  or 
"  masses  of  luminoas  h/iir  in  disorder." '  The«e  wintorted  Forma, 
although  their  compleiily  is  doubtlesB augmented  by  the  super- 
position of  sundry  groups  of  twisted  rays  presented  at  different 

'  Pittilicaiistia  Ta^fic  Socitty,  Ttil  ii.  [i.  tiS. 
^  Afffintim  Ktryat  J*tr.  JftKidSif,  vol,  ill.  p-  GB6. 

*  Ib^  p^  539  (Popo  Hsnnnay}. 
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angles,  afford  remarkable  evidence  of  distorbanee  within  the 
ooTono  itHelf.  Their  photographic  registnition  dates  from  the 
Simifitni  e<;lit"!i«  of  1  Sth  May  1  ^0 1 .  On  pliiteH  there  tMkeii  wiLh 
the  Lick  fort^-foot  telest^ope.  and  hy  Mrs,  Maunder  ot  Mauritius, 
a  camixltuoue  area,  itgitated  as  it'  by  the  effects  of  on  explosion, 
w&e  etrikingly  dopictett  "A  loop  thtead-liko  piTDminenoe 
mppe&red/'  it  was  stated, "  to  emanate  from  the  same  source/'  ^ 

Fleecy  coronal  tmcbfi  aje  at  timea  intermiied  with  regions 
ofetriation,  The  corona  cf  1868  was  pertieived  at  Masuli- 
pftUun  bo  be  "slightly  mottled"  near  the  auu.  and  th*- 
"curdled"  Bffp&ci  of  the  great  nebula  in  OrioD  has  often  boeu 
recalled  lo  telescopic  obaorvorB.  Sir  Norman  Lockyor,  ai 
Batkul,  12th  December  1871,  was  struck  with  an  "  esquiaite  " 
and  "  strongly-developed  struct  lire."  *'  I  at  once,"  he  con- 
tinued, "exclaiinttrl  'Like  Orion  T'  Thouaandp  of  interlacing 
filamente  vaxyicg  in  intensity  were  visible ;  iu  fact,  I  saw 
an  extenaiou  of  the  prominence- structure  ia  cooler  material,"  ^ 
It  may  bo  remarked  that  nebular  tufts,  no  lees  than  prominenoe- 
'  Its,  are  resolvable  into  fibres  under  the  best  conditions  of 

tg.  The  aureola  of  1^71  was  of  such  inconi[)arable  beauty 
Lat  M.  Janasan  conld  scarcely  rouee  himwlf  from  its  delighted 
coatemplation  to  carry  oot  hie  programme  of  work.  Numer- 
ous ooral  red  prominences  were  relieved  agoinet  the  "velvet 
white  "  of  the  corona,  the  exterior  ehape  of  which  was  rudely 
(Quadrilateral,  Interiorly  the  streamers  leaned  together  in 
pairs  go  as  to  imitate  flower  petals,  the  general  effect  resem- 
bling that  of  a  gigantic  lucid  dahlia,  with  the  black  moon  for 
its  heart 

Again  and  again,  in  desuriptiouB  of  successive  coronaa,  the 
OrioD'siniilitude  recurs.  In  the  "  density^  brightnesa,  and 
species  of  its  ligbt,"  that  of  Ist  January  18S9  strongly 
rem.m(led  a  Nevada  State  observer  of  the  nebula,  and  its 
slightly  greenish  tinge  of  colour  completed  the  Ukeueas,* 
A|^n,  in  examining  the  cotonal  photographs  of  Sth  Augiut 
1896,  Mr.  W.  H,  Weeloy  detected  an  area  "broken  up  by 
dark  chautLeie  into  tioceulent-kokiitg  masses,  giving  to  it 
somewhat  of  the  eurdlffd   appearance  of  some  parts  of  the 


'  Pcrrluo,  Zici  BftfHi^  No.  0. 
'  BanytrJ.  Mtwtirt  lUi^i  A^r.  Socitly,  vol.  tU.  p^  037, 
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nebula  in  Orion." '     The  Rimilarity  is  net  merely  superficial 

L&boriour^  photographic  comparifioUH  by  Mr.  E&nyard  (asQisLed 
by  Mr.  Wt^aley)  emphasised  the  organic  analogy  between  the 
great  nebula  jtad  the  solar  corona."  Syaclinal  forms  (as  tha 
petal-ahaped  stnictiireB  otq  called)  omeTge  in  both,  and  tbQ 
bntEching  etiuBions  roimd  the  trapeziucn  eeem  to  mimic  detaila 
legible  in  many  edipHc-pictures, 

A  chain  of  "pearly  cones"  furrowed  spirally,  200,000 
to  300,000  milea  in  height,  find  rising  aUive  n.  long  bank 
of  ted  prominences,  were  perceived  by  TrofeBscr  Cleveland 
Abbe  in  the  corona  of  1U69.  And  in  IH^d  the  sun 
AppeaiB  to  have  been  fringed  in  this  manner  nearly  all 
round,  the  in^Uvidual  peaka  being  projected  together  into 
fluch  (iloae  array  ?»  to  he  in  many  places  und^emable  apart^ 
"  SyHtamfl  of  (approjdmately)  concentric  arches "  were  also 
difltingniahed  by  Professor  Scbaeberle  in  hia  large-scale  photo- 
graphs  of  the  same  eclipse," 

Inverted  ahape-s  are  also,  though  leee  commonly,  met  with. 
Paraboloids,  convex  towards  the  limh,  now  and  then  replace 
HTC8  and  coties  ba^d  ujicn  it,  A  curious  in^ntance  wad  aUbrded 
by  Schaeljede'e  ^'cnroual  comet,*'  of  16th  April  1893,"^  Thia 
object  aeemod  as  if  spitttd  upon  a  slendei',  solitary,  nearly 
radial  atreamor,  from  which  it  had  evidently  developed.  It 
waa  not  the  only  apeeimen  of  its  clasB.  A  weli-knowu  draw- 
ing by  Liaia  of  the  corona  of  7th  September  1858  showa  an 
immense  double  paraboloid  lying  behind  and  partly  hiddao 
by  a  "dahlia  petal"  The  vertes  seemed  to  be  just  at  the 
liinb,  A  somewhat  similar  dusky  arc  was  aeeu  by  Winaecke 
in  the  corona  of  1860,^  It  looked^  ho  said,  like  a  tracing  in 
sepia.  Again,  during  the  eclipse  of  1868^  a  bright  parabolic 
outline,  "  with  its  vertex  towards  the  sun,"  was  noted  by 
Weiss.  Finally,  Homer  Lane  oliaerved  at  De^  Moines,  Iowa, 
7th  August  1869,  two  condensationa  of  light  which  ''might 
well  be  compared  to  small  telescopic  comets,  with  taila  of 
aome  length,  but  without  a  headj  and  with  no  distinct  indica- 
tion of  a  head  at  oKe  end  rather  than  the  other.  They 
were  not  far  from  nidial   in  tiirection  relatively  to  the  &un*8 

^  Thil.  TVnifti.  rot.  cnt  p.  20i.  *  KntnoUd^  Tal  xii.  p,  MS,  UflH. 

■  Rtyori  \miheEdip^.  \i.  90,  *  Itiid.  y.  100  ;  Obsenait^,  tqL  xclL  p.  350- 

*  M^i'iaiitd  Acad,  dt:  St.  PWrtaboitT^,  I.  iv.  p  3S,  ISfl'J. 
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centre,  and  had  their  origiji  ^bove  the  limb  of  the  moofL"  ^ 
He  esUmated  the  length  of  each  at  aboiiE;  130."  Theae 
jippeuritnu^  are  I'lill  of  nitratiing.  they  plnJDl^  rutsHrt  the 
subjectioiL  of  corooal  umtter  to  a  dual  rtpul^oii,  such  a&  acta 
apoc  the  "cryBtal  tressea"  of  cometB.  A  local  centre  of 
C4>nd6iiaatiou  trhrowa  off"  a  filmy  envelope,  the  constituent 
particles  of  which,  as  thoy  approach  the  s\ui,  are  swept  back- 
ward inTpO  a  train  by  a  counter  iafliience  proceeding  from  hiia. 
The  only  geuuine  "  ellipse  t-omet "  so  fur  oapLured  wjlh  that 
aeeu  and  photographed  at  Sohag,  17th  May  1882.  It  was 
ftharply  charaoteridcd  ae  such,  the  cftbcta  of  awift  motion 
being  unniistokabLy  ititpressed  upon  itB  carved  pluntugo. 

Ao  et'lipee,  visible  m  tlm  Weetera  States  of  iNorth  America, 
29tb  July  1378,  disclosed  a  eiirprising  spectaela  In  lieu  of 
the  ordinary  radiated  eoroLa  there  were  seen  "briBtlea"  of  light 
at  the  suu'fl  poles,  enormoiia^' wings"  at  each  side  of  the  equator. 
Profeaaor  Langley  observed  the  phenomenon  Irom  the  Bunimit 
of  Pike's  Peak  in  Colorado,  at  an  elevation  of  14,000  feet  in 
a  stainless  sky.  Thus  favourably  cucumstanced,  he  was  able  to 
trace  one  wide  beam  to  a  diatunce  of  about  five  millions  of 
miles  ftom  the  sun^  the  other  fully  twice  hs  far.^  The  direction  in 
which  they  lay  proved,  when  carefully  measured,  to  agrco  closely 
with  that  of  the  zodiacal  light,  and  "a  faint  central  rib" 
emphasised  the  coincidence.  "  With  the  teleaeope."  he  Bays, 
*  the  whole  of  the  bright  inner  light  close  to  the  sun  was 
found  to  be  made  up  of  filaments,  more  definite  even  than 
those  seen  in  sun-spot^/'  and  apparently  exempt  from  the 
effects  of  spherical  projection:  they  "  fringed  the  fluo^s  edge 
in  deinite  outline,  as  though  it  wore  really  but  a  dtac" 

At  the  lime  of  this  eclipae,  the  sun  was  in  a  state  of 
ucoeptional  tranquillity,  and  a  search  through  the  solar 
archives  hroaght  out  tha  rsotable  fact  that  a  similar  apparition 
bad,  eleven  yearn  previuutily,  spotn  then  too  lieing  nearly 
coiinct,  be^n  descril>ed  and  depicted  by  Gro^h  of  Santiago^ 
He  inferred  irom  it  the  posscssittn  by  tho  sun  of  "strong  mag- 
netic palariQr'/"  And  indeed  the  divergent  light-fibres  at 
the  poles,  in  1867  no  leas  than  in  1878,  seemed  to  trace 
predeely  the  lines  of  force  in  a   magnetic  field.     The  ton- 

'  Jlemoira  Jhyoi  Aatr.  Society,  f  □!.  xlL  p.  tt03. 
>  The  J/™  Jrtrviurmy,  p.  es. 
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currenee  of  these  pheDomena  with  critical  epocha  in  the 
suu'e  activil^  started  the  idea,  due^  in  the  first  inataiice,  to 
Mr.  Rauyard,'  of  varjiDg  coronal  types.  It  was  anijily  Ixjnie 
out  bj  subsequent  e^jjetieuce.  yroio  eclipse  to  eclipse, 
throughout  the  olGVoa-yaar  cyule,  the  corona  exhibits  chaDgcs 
of  form  iu  miirked  coaformity  to  spot-TiciasitudaB.  In  the 
accompa Dying  plute,  the  original  of  wliich  is  by  M,  Hansky, 
the  coronaa  of  I860,  1870,  1883,  and  1893,  all  of  pro- 
nouQi^d  luajcimum  type,  are  represeDted  in  the  Iirfit 
toluuiii;  thoae  of  1807.  1878,  and  1889  in  the  third.  The 
second  and  fourth  ahow  eoronaa  of  intermodiote  fcrma  Tlic 
la^t  figure  in  the  third  column  has  a  prophetic  character.  It 
shows  M.  Hanaky's  anticipation  of  the  kind  of  halo  due,  on  the 
theory  of  recurring  typi»,in  1900.  Wliat  was  actually  photo- 
graphed is  given  for  compariaon  in  Plate  VI.,  Fig.  I,  The 
correapondenco  leapa  to  the  eye,  A  definite  law  of  variatioD 
indood  quite  obviously  regulatt^a  the  shape  of  tho  eMuence 
about  the  aun.  At  fipot-maxima  il8  component  atreatiicra 
iaaue  from  all  latitudes  indiflcriminatfily ;  they  pay  little  or 
-no  regard  to  heliographic  co-ordinatetL  Then,  as  disturbance 
relaxeu,  they  gradually  draw  away  froLn  the  poles,  and  tend 
to  form  "flyQclirnila"  above  the  spot-zonea,  giving  to  the 
whole  appendage  the  "  form  of  a  four-rayed  atar,  the  points 
of  wliich  are  inclined  45'  to  the  eun's  axis." '  In  the  polar 
regions  abandoned  by  them,  "  magnetic  "  filameiila  meanwhile 
become  noticeable,  and.  what  may  be  called  the  intermediate 
type  is  constituted.  It  ia  subject,  however^  to  indefinite 
variations  of  detoiL  A  good  example  is  shown  in  Plate  VII-, 
Fig.  I^frompholographB  taken  on  the  Amur,  9th  August  1896| 
by  a  Kusdan  party  under  the  leadership  of  M.  Belopolaky. 

One  ray,  it  will  he  noticed,  is  greatly  longer  than  the 
i.itbers,  and  the  same  peculiarity  diatinguislied  the  corona  of 
1898-  Only  when  the  tide  of  aolar  agitation  ia  dead  out.  ia 
the  Qniahcd  type  of  minimum  aureok  realised.  We  have 
then  a  eymmetrical  arran^meot  of  crested  poles  and  equittorial 
extensions,  with  this  one  singular  qualification  to  its  symmetry, 
that  the  wings  are  not  a  pair.  One  ia  formed  of  convergent,  the 
other  of  parallel,  or  even  divergent  rays.      And  they  seem  to  be 
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KTOFsed  eflst  and  weat  at  alternate  opochp.  Both  are  radically 
double ;  they  are  formeJ  hj  the  cJoaing  down  upon  the 
aqju^toT,  a^  spot-activity  becorrefl  exhHUftted,  of  the  ayndiral 
groups  previously  visible  m  middle  latitudeR<  It  is  difficult 
to  realise  that  bheae  "  wings  "  are  merely  the  profile-ahapee  of 
A  VMt  luminouB  disc  completely  oucompaaeing  tho  sun.  Hence 
an  extreme  intricacy  of  sirnctural  detuils  most  baffling  to 
aflbitfl  towiirdr;;  interpretation. 

Coronal  modific«,tionH  are  nut  ro  entirely  isoUted  iw  might 
al  first  sight  appear.  Looked  at  more  closely,  they  Are 
perceived  to  correspond  unmi«t&kably  with  the  cyclical 
chflnges  in  dietrihution  of  surface  disturbances.  This  was 
inaiflted  upon  by  M,  B^lopoleky  in  1897.'  Spots  descend 
intu  lower  latitudeR  with  the  approach  of  eiich  minimum. 
One  after  the  other,  the  eleven-year  waveH  of  commotion 
attain  their  acme  in  medium  zones,  and  die  out  near  the 
equator.  Coronal  development  pur&uea  the  mane  course-  Ite 
most  intimate  relatiouB,  however,  are  with  chromospheric 
eruptions.  Taechini*  was  the  first  to  notice  that  coronal 
outflows  emanate  from  regions  frequente<l  by  prominenoBB, 
which  St  times  of  maximum  spread  all  over  the  aun,  but  near 
tiiiiiimvLm  withdraw  from  the  e:itcn3ive  polar  tracts  aimultaue- 
ouftly  denuded  of  far-spreading  atreamere.  Particular  agree- 
ment frequently  accentuates  this  general  correspondence, 
Thus  the  upringing  of  a  coronal  arch  has  usually  a  protoioenee 
for  iifl  motive.  Each  pearly  pavilion  is  erected  over  &  red 
A&UL&  Coineidenotw  of  the  kind  are  of  perpetual  ofcuirence, 
Chromopphenc  jett  seemed  (and  douhtleaa  were)  appropriated 
individually  to  the  "  etriated  cones  "  observed  by  Cleveland 
Abbe  in  1S69.  In  Schaeberle'e  fine  photo^>r%phs  of  the 
eclipBd  visible  in  fSouth  America  I6th  April  1S93^  one-sixth 
of  the  sun'R  circumference  came  out  clear  of  prominences ;  and 
joat  over  the  same  segment  there  is  a  gap  in  the  elsewhere  im- 
broken  range  of  coronal  arches.^  In  some  cases  arches  are 
bnttreased  upon  prominences;  iu  others  Ihoy  are  Bymmetrical 
M  n^ards  them ;  coi'onal  streamers  appear  to  be  vaulted  into 
domec,    or    h^^nt    together    into     o^ves,    through     efTecta    of 

«  Bull,  di  FABod.  dt  SU  mtrtb<mv3,  I,  n.  p,  Mfl. 

*  Afii  <Uir  Aoead.  dH  Lip^i,  ISBS,  p,  7««. 

■  acbubuU,  a^tort  on  tU  SciifM  fff  ISlk  djirii  /Jtf  J,  [i^.  02-S«, 
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eruptive  action  in  the  chromoepbere.  Thcdo  relations  were 
especially  m^irked  in  the  coron^i  of  1806.  The  wide  polar 
rifts  were  fli?void  of  prominencefl,  but  a  prominence  lay  ^t  the 
root  of  eacli  j^rsAt  Hti'eami^r,  iinii  a.  pi'oininenue  wns  encloaed 
hy  each  syniilinal  structure.  These  M.  Flanelc}^  inferred, 
from  their  interior  darkneiw,  to  be  boUow.'  like  the  tails  of 
certain  comets;  uad  he  noticed  curioua  cfTectn  of  coronal 
traneparency,  a  few  beams  Bhowinj^  traceably  through  the 
auhstanuB  of  those  in  fruitt  of  them.  The  correktion  of 
prominijnceH  with  coron^d  f[»riuti  wou  }ii4.iin(?wh7i.t  lesH  conspicuous 
in  1898  than  in  1896,  and  was  barely  perceptible  in  1900. 
The  Lick  photographs  of  1901.  however,  showed  the  envelop- 
ment of  a  promincnco  by  n  *'  aeiica  of  ooronaj  lioode,"  beeidea 
other  symptouiB  of  community  in  disturbance  between  the 
chtomosphare  and  the  silvery  aureola. 

The  more  ulosi^y  LIie?  Hpei.vtrum  of  the  conmA  Ib  studied, 
the  moi'c  interesting  and  enigmatical  it  becomeo.  It  haa  a 
triple  origin.  Contintioua  rejected  Light  is  mixed  up  in  it 
with  continuous  original  light,  and  theae  again  with  biight- 
line  emieBiona.  The  three  elements  are  not  easily  separated^ 
and  the  proportions  of  them  present  vary  from  time  to  time. 
The  gaseoua  apei:LniTu  ia  feeble,  especially  near  spot  minima. 
Its  leading  coitstituent  is  a  green  line  at  \  5303.  long 
confounded  with  the  chromospheric  X  5317.  Their  die- 
connection  first  becamL^  apparent  in  Mr,  Fowler's  eclipse 
photographR  of  22nd  January  1898,  nnd  waa  announced  by 
Sir  Norman  Lockyer '  as  one  result  of  their  examination. 
The  green  litte  charactetisea  the  unknown  Huhstance  desig- 
nated '*  coronium  "  the  distribution  of  which  round  the  sun  can 
be  investigated  by  its  means.  Photographs  taken  during 
totalities  with  the  "  prismatic  camera"  give  separate  imagee  of 
the  solar  appendages  in  each  quality  of  discontinuous  light 
emitted  by  tliem,  and  the  "  gruen  "  coronal  image  proveH  to  be 
approximately  ring-ahji|)ed.  The  giLS  it  ia  derived  from  eeems 
to  spread  through  tJie  "  inner  corona  "  to  an  average  height  of 
from  ieO,000  to  200,005  miles,  but  not  to  extend  into  the 
sheaves  aud  strcamors  boyond.  There  are  indeed  iriegularitiea 
The  annuluB  of  coronium  is  far  from  being  uniform  or  homO' 

'  Bull  ^  i'Ae4td.  d£  iSt.  Pfiertboiirff.  t  vi.  p.  L'SS,  ]Stf7. 

^  Xaturi,  vol.  hx,  p.  sag. 
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geneouB.  It>  ia  wider,  perbapa  also  more  coudenHed,  in  some 
placea  CHjui  in  nLhera,  and  mt^-Mo^rtiiu^  taken  witli  a  sliL  liy 
Profaoaor  Oampbell  at  Jeur  suggested,  by  bhe  diatortions  of 
the  cbaractcristic  rtij  iinpresaed  upon  them,  the  progrceB  of 
radki  movcmentB,  sucb  ftfi  might.  wqU  be  deomod  intivitable  in 
an  aerial  envelope  obviously  uot  in  a  state  of  equilibriuuL^ 

Teu  or  a  duzeu  coronal  lines  IjeaideH  the  green  ^•&y  have 
been  photographed.  The  wave-lengths  of  the  niotit  authentic- 
ally recorded  are  oa  followfl:  4232.  408G.  3987.  3301,  3643, 
345t>»^388,  and33SL  No  aueceBa  baa  hithtrto  attended  eftorto 
to  arrange  them  in  a  aeries  i  nor  is  it  by  any  means  certain 
that  all  claim  t!ie  same  chemical  origin,  Oo  the  contrary,  the 
fundamental  green  line,  together  Hrith  the  moHb  rt^fraugible  of 
those  above  enumerated,  appears  capable  of  segregation  from  the 
violet  rayX  3937  and  thefirat  three  of  ita  ultra- visible  as^xiates-' 
Two  etrauge  gasoa  then,  at  any  rate,  are  iudicated  aa  co-exist- 
ing in  the  corona.  And  ihey  are  unmixed  with  any  familiar 
substonc^^  Evidence  collected  during  recent,  eclipses  testifies 
strongly  to  the  absence  of  aW  the  chromDaphenc  materials 
Kot  oven  the  pervasive  trio,  hydrogen.  beLnni,  and  calcium, 
extend  into  the  vu^l  solar  halo.  Some  of  their  radiations, 
notably  U  and  K,  havo  s&emed  to  be  dertvoil  from  it,  but  only 
through  the  effects  of  atmoapheric  scattering.  They  come  as 
well  from  the  black  disc  of  the  moon.  Probably  only  some 
peculiar  forms  of  matter,  or  forma  of  matter  in  a  peculiar 
state,  constitute  the  gaseous  corona.  So  far  coronium  has  not 
been  recogniead  elae where. 

The  continuous  light  from  the  interior  halo  ie  mainly 
originaL  It  emanates  from  incandescent  solid  or  liquid  particlee. 
Bub  their  incandeacence  appears  to  be  of  an  unusual  kind  Bolo- 
metric  experiment*,  carried  out  hy  MeearH.  Abbot  and  Menden- 
hall  of  thfi  SmithsonioD  Observatory  during  the  eclipse  of 
IfiOO,*  showed  the  coronal  beama  to  be  almost  irhoily  wanting 
in  thermal  power.  Compared  with  them  moonlight  is  a 
potent  Eource  of  heaL  They  include,  according  to  the  results 
in  ^ueKtion,  next  to  no  infra-red  waves^  and  are  fiurmis^  to 
be  comparable  in  tjuality  to  the  glow  of  phosphoreaceEt  or 
luminescent  subatancea      Kov«I   inquiries  in   the  laboratory 


'  AHroph.  Jntrn,  vt>\  i.  p.  lEH), 
*  &  J.  BrowQ,  Aettvpft.  Jottrn,  ti>L  lij.  p.  d& 
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will  bo  [loeded  to  rubLl^'  LrEicae  ei^ificAiib  conjectures ; 
while  ib  is  bo  be  hoped  b^t  the  ocHpso  of  190-t  vrill  iLQbid 
some  positive  dat^  as  to  the  distrihutiou  of  ener^^y  in  the 
coronal  Hpeetnim,  which  niRy  i4erve  as  a  hatna  both  for  photo- 
graphic iaveetigHtionfi  and  for  thdorebiL.a1  conclusioDa. 

PhotoBpheric  light  mjist  be  reflected  From  the  pulverulent 
materiab  of  the  coron*,  and  a  retiected  ingredicut  in,  accord- 
ingly, contained  in  its  radiance.  It  is,  however,  small  in 
quantity.  Thu«  the  dark  FrauuLofer  lines  ai«  barely  difl- 
tinguishable  in  iL.  Thty  wetK  detecttnl  hy  Jaiisfien  iu  1871  ; 
Sfteen  were  pbotogr&phed  by  Piuvinel  at  Senegal  in  1893.^ 
Ou  the  same  occasion,  nevertheleas,  DesUndres  could  obtain  no 
trace  of  them,  and  Campbell  waa  equally  upHucceoeful  in  1^98,- 
The  truth  is  that  where  the  original  emiflsions  iite  atroug  they 
get  drowned  out.  They  ahow,  and  thst  with  difticulty,  only 
in  tliB  lesH  luminous  Bt^biou8  of  the  appendage.  This  was 
made  perfectly  obvious  by  Mr.  Pei-nne'e  discussion  of  the 
pjates  taken  in  Snmatrji,  upon  which  thirty-five  l-'rftunhofer- 
lineej  impreciaed  themiwlves,  but  only  in  regions  remote  from 
the  Emb.  Polarisation-effeets  j^ve  accordapt  teatimony.* 
They  are  alight  but  unmistakable,  and  plainly  indicate  the 
actiim  of  scattering  partit'les  rightr  up  to  thi^  limb.  Some 
hints  as  to  the  mAuner  of  their  distribution  were  obtained  by 
Professor  Turner  in  IS93,  tind  again  in  lE^OO,  through  the 
ingenious  device  of  photographing  the  cttrona  across  a  plate 
cf  It^eland  spar,  and  ao  obtaining  two  pictures  in  oppositely 
polarisi^d  light.^ 

Much  reinuine  to  be  learned  about  the  nature  of  coronal 
radiance H  and  the  opportumties  lor  its  invefltigatioo  me 
restricted  and  uaHatisfactory.  Vet  upon  theit  outcome  succeaa 
in  coronal  portraiture  largely  dopends,  Kc  I  ipso -photography 
is  an  art  in  itself,  snd  one  beset  by  subtler  difltcultiea.  To 
en^iii^  the  bent  resulta,  the  plates  employed  should  have  a 
curve  of  seusitiveneBS  he  uearly  as  possible  coincident  with  the 
eneigy-curve  of  the  coroujil  radiatioas,  and  the  form  of  the 
latter  ia  entirely  unknown.  Many  queatiooa  too  arise  re- 
garding the  quality  of  the  plateBj  and  the  development  proper 

'  Frtwt'Schfltner,  A3tr.  SjuftroKopii,  p,  191 ;  Cirmpleg  Jimditx,  t  cirii.  p.  2fi. 

■  Aitn^.  JounL  wol  li.  \k  33?.        •  Sphuntar,  tiontMy  Kotifts,  »ol,  rl-  p.  35. 

■  Obtervaiory,  vok  xxi.  p,  IfiT- 
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lobe  given  them,  rogardia^  the  beet  kind  of  inetmmeul  for 
expoaiug  them  with,  and,  above  all,  the  length  of  time  that 
flbould  be  allotted  to  the  process,  Atid  here  the  obataoie  is 
enrotinl^red  thiit  do  siiigk  ex[.io8ure  is  suitable  to  the  entire 
jiureoU-  One  loii^  euough  to  bring  out  tlie  atreairjei^  is  too 
long  for  the  delicate  det&il3  of  the  biilliant  interior.  The 
choice  has  to  be  lunde  hetwoeu  eclari.^tiou  and  inoomplcteoesn 
of  wproeeiitatjon.  Twi>  remedies  have  been  tried.  The  tiral 
is  by  piecemeal  delineation.  From  photographs  of  varied 
exposures,  a  pietare  allowing  the  epecial  featores  rendered  by 
cttch  is  cnmiKiuiided  by  a  skilled  draughtsman.  But  it  has 
IkO  JoDger  an  autographic  value ;  the  fcrioa  embodied  in  it 
have  been  deliberately  selected  and  unconaeiously  cmphasiEied. 
■■  To  a  certain  extent,"  it  has  beeu  well  said,'  '■  the  eame 
personality  enters  into  the  eseumination  of  a  photogi'aph  that 
is  known  to  exist  iti  nakeil-eye  obaervaticiiM  of  the  corona." 
M,  MoriE*3  drawing  of  the  corooa  of  1896  (see  Plate  VIL 
Fig.  1)  ia  a  fine  example  of  what  can  be  done  by  (y^mbioing 
mitltii>lied  photographic  impressions.  The  two  best  of  those 
availed  of  were  Uiken  ^th  an  cidinary  camera  in  one  and 
tw'i  seconds  reepeetively;  the  rest  with  a  pholoheHogr*Lph, 
getting  expcanres  up  to  thirty  seconds.^ 

The  alternative  method  is  purely  automatic^  It  vtaa 
invented  and  autx:e3sfully  applied  by  Professor  C  BurckhaltcT 
of  the  Cliabot  Observatory,  California,  at  the  eclipae  of 
28th  May  1900.^  In  his  apparatus  a  system  of  revolving 
diaphragnjs  Ir  arranged  so  as  to  give  expositrea  graduated  to 
correspfnid  witli  distauce  from  the  tuni.  The  image  being 
progressively  covered  at  successive  short  intervale,  time  ia 
allowed  for  the  imprinting  of  faint  coronal  extensionSj  while  the 
bright  pai'ta  already  etfectively  portrayed  are  shielded  againal 
further  prejudicial  action.  The  photograph  "controlled"  in 
tltie  way  was  a  striking  record,  and  conveyed  sorne  curious 
intimatioTiii  of  perNf>«;tive  efTects  lu  the  mntual  overlaying 
of  tufta  and  beams. 

The  outlying  brrturhe^i  of  the  corona  ueually  baffle  the 
peKeption   of   the  eenaitive  plate;     for  they    merj^e  into    a 


■  Bnmhun  oaA  SchBptwrlc,  Htptrrt  m  Edipv  b/  Dsfemher  ISSS,  |L  Aft. 

•  ffnii.  ill  VAeati.  fit  SL  PitrrA&afg,  '.  iv.  p.  27S, 

■  Afuiar  dirtrviumy,  vol.  riii.  p.  M#. 
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dimly  Hlnnnnatpd  Hky-grouiid,  fmru  which  they  are,  unlets 
by  apeciul  pn^'uutious.  chemically  indifit.mguialiatilu,  Tlie 
moAt>  Gouspicuous  perrortmiDce  id  thi?  direction  was  by 
Mm  Maunder  in  189S-'  With  a  Ions  of  only  1^  inchcB 
in  iLperture,  giving  Gmall  but  intensely  bright  imagoQ, 
yxpOBurea  were  experimentally  made  of  inordinate  length, 
proportionately  to  the  shortness  of  the  focus.  The  un- 
precedented result  was  achieved  of  photographing  niya  to 
a  distance  of  nearly  seven  solar  diameters  from  the  limh.  Mr. 
Wcelej^'s  drawing   from  the  original  negatives  ia  reproduced 
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Fin.  I<l.— DiBf^irt  of  jUHrtljbg4  In  tha  Dnmm  irf  1RU, 
DmvD  br  w,  u.  MiwJi'r  (JLnuu'l^rj^,  toi.  xiui.  p 


in  Flftte  VII.  Fig.  2.  Four  long  narrow  divorgcmt  raya  are 
visible  in  it,  each  etarting  outward  from  a  synclinal  etnicture, 
Mr.  and  Mrs.  Maunder  hold  it  probable  that  sudi  atfuctures 
havti  always  rocUlilie  extensions,  needing  only  protracted  photo- 
gi^iphie  eipoaures  to  bring  them  into  view ;  ■  but  this  is  more 
than  doubtful. 

A  very  perplexing  appearance  is  that  of  dark  markings  io 
the  corona^  They  are  not  mere  interspaces  1[>etween  brilliaat 
rays.  Mr.  Weuldy,  wlia  in  an  expert  in  the  scrutiny  and 
inttrpretatioii  of  celestial  photographs,  vouches  for  their 
reality.  Figa.  1 5  and  1 6  copy  hia  diagrams  of  obscure  streaks 
and  veiningB  in  the  coronaa  of  1871  and  ISOS.     In  the  tirat 


^  The  liidiaH  EdiyK^  \>.  :i4. 
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case,  thej^  cut  right  jicrosn  the  histroiis  brancLt-s  of  the  hulo^ 
in  the  eecond.  tfaej  are  in  oLvloua  couueK^tiou  with  promiuenceH. 
Indeed,  black  coroniL]  and  black  chicmOHpheric  forms  belong 
undeniably  to  the  eamo  order  of  effect,  and  cannot  be  sepurated 
c&usally.  They  took  another  shape  m  the  corona  of  lf>00^ 
Mr.  Wesley's  beautiful  drawing  from  Mr.  Mauuder's  photo- 
graphs (see  Plate  VITL)  shows  rifta  apparently  darker  than  the 
general  background  of  the  sky,  and  henee  of  a  positite  char- 
acter. Their  aubstantial  presence  was  confirmed '  by  negativea 
t^hkon  at  Wadesborougb,  U.SJ^.,  by  Alias  Gcrtrudo  Bacon  ;  but 
the  ditliculty  of  accounting  for  them  is  at  present  insiirmDUnt- 
able.  That  ihey  are  due  to  the  interposition  of  opaque  bodies 
can  scarcity  be  admitted.  The  objectiona  are  praLjhitiv& 
Yet  the  phenomenon  is  none  the  lesa  genuine  foi  being 
in  comprehensible.     We  must  wait  and  compare. 

The  embarraesmenta  attending  coronal  photography  are 
enormously  enhanced  by  the  efTulgenc^  of  daylight  8uceees 
here  is  more  earnestly  desired  the  less  it  can  be  hopefully 
anticipated  i  for  Iht^  proapt^'t  is  dim  of  reaUsiug  Sir  William 
Huggina's  scheme  of  1832,  or  any  modification  of  it.  It  ia 
tnie  tbat,  daring  the  partial  phases  of  the  last  couple  of  eclipses, 
senKitivc  plaU-'s  were  impressed  by  the  inner  corona,  but  it 
only  showed  as  a  vague  glow  throwing  into  relief  the  small 
segment  of  the  moon  outside  the  Run  some  forty  seconds  before 
Uid  after  totality.^  Stilly  even  this  scanty  measure  of  succcNa 
was  welcome  aa  an  earnest  of  what  the  incalcnhible  future 
might  bring-  Everything  depends  upon  catching  differential 
efEecte — upon  ohtitining  plates  capable  of  ftdiiig  the  deLeate 
gradation  between  daylight  pure  and  simple  and  daylight  plus 
corona.  And  tlds  would  be  gi-eatly  faeilitaEed  by  acquaintance 
with  the  law  of  intensity  iu  the  coronal  spectrum.  \\.  ought 
U)  be  Bironger  in  the  upper  reaches  than  the  crdiuary  solar 
epectrum,  since  the  corona  escapes  the  heavy  toll  of  blue 
absorption  exacted  from  the  photosphere  by  the  "  smoke-veil  *'  \ 
the  <[uefition  is,  can  this  presumable  superiority  be  rendered 
predominant  enough  for  the  ends  of  portraiture?  The  use  of 
uilourod   ficreens,  letting   through   the   more   refrangible   rays, 

■  W«-I»y,  Knau^idjpt,  Oct  1900.  p,  »7^ 

>  UiUDilvr*  Knvuy!fnfijt^  vol.  \xi.  p.  109.     Cf.  bta»  vimeil  etverrmti&iiB  c>f  Be*- 
ffnvoin  IGUU,  Asttvyi*.  Joutm^  toL  ijl.  fi.  90. 
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and  bairiug  out  thone  lower  onefl  in  wbich  mere  glare  has  the 
adv&nUge,  has  proved  ineOectual ;  aad  the  "  double-alit 
method/'  ho  epleudidly  helpful  in  other  departmenta  cf  aolar 
phjaicti,  [iQB  Eilso  been  tri^d  in  vaiii-'  Xu  coroaal  photography, 
no  bright  line  cua  eerve  the  end  in  view  becauBe  the  gaaeoue 
spectrum  belongs  only  to  the  inner  corona,  and  the  record 
aapii'ed  after  is  more  tsjieciail)'  uf  the  outei'  eoron«,  with  ite 
characteriatic  pi umee. streamers, andaigrettea.  Until  llie  changes 
these  undergo  can  be  followed  da.j  hj  day,  little  will  be  satia- 
lactiinly  known  of  thuir  intiinuto  relations  with  the  diJTE^reQt 
orders  of  solar  phanouiena,  and  still  leas  of  the  underlying 
cauBe  of  variation - 

II  ha^  yet  to  be  determined  whether  the  corona  rotates 
with  the  3un.  Opposite  mot!  on -displacements  above  the  east 
and  west  limba,  of  the  green  line  or  one  of  its  companions, 
would  settle  the  point ;  but  they  show,  if  at  all,  moat  evasively. 
M,  Deslandres  first  att>empted  such  meaeureinenLs  at  Fundium 
in  West  Afriui,  16Lli  April  1895.'^  He  those,  however,  ub 
the  object  of  liis  attack  the  K-liiie  of  calcium,  since  ascertained 
to  be  Don-coronal,  ao  that  his  results  were  null  and  void.  Vet 
they  marked  a  starting- point,  for  they  suflit«d  to  introduce 
the  reseorcb  dohnitivoly  into  the  eelipao-programmo ;  nor  will 
it  be  dropped  out  of  it,  we  may  hope,  until  a.  substantial  in- 
crease of  knowledge  has  been  gained.  SubserjueiLt  experliueutt;, 
although  legitimately  wjnducted,  have  been  iudecieive.  Mr. 
Newall,in  those  tiied  by  liim  at  Pul^aon,  22nd  January  1S98, 
went  too  far  aticM  for  their  materials.^  He  directed  hie 
epectroaoope  to  pointa  8 '^corresponding  to  upwards  of 
200,000  miles — from  each  limb,  whence  no  bright  line 
could  lje  obtained,  since  they  lay  outside  the  limits  of  Uie 
gaseous  corona.  Profaasor  Campbell/  on  the  other  hand, 
found  in  spectrograms  taken  east  and  west  of  the  bud  during 
the  same  eclipse,  a  dill'ercnce  in  position  of  the  gi^eeu  ray 
giving  an  ostensible  radial  velocity  of  3'I  kilometers  per 
secondj  suggesting  rotation  at  half  tbat  speed ;  but  he 
regarded  itg  genuiueness  luf  open  to  grave  doubt. 

'  Hale,  AiCfr  hjuI  Aslrophy^iCf,  vol.  >iiL  p.  ^t'l. 

'  OAarrfOtiona  lU  rSdip§t  du  ItitA  Ami  IH^S^  p-  *3. 

*  TKt  Oh^fvstoryt  ral  xxi.  ^  IBS. 
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More  hopeful  than  the  method  of  simple  displdcemeute  is 
pej-hapa  the  method  of  \ncii71ation6  rocommendcd  byDealandree.^ 
A  small,  Lfktoneely  IuiuIdoub  itnoge  of  the  coroiijt  bciug  thrown 
u[>0L  the  slit  of  -a.  powt^rful  epectroscope,  the  vzi^ried  cL^iiatione 
uf  the  bright  lines  derived  from  its  different  parts  should  tell 
lethiug  Jtd  to  the  mode  uf  mulion  prevdlent  tliixiiighotit  the 
idage.  If  it  rotates  like  a  solid  bod;,  all  id  one  piece* 
the  velocity  iuereitaea  outward,  and  the  liues  would  lie  ftslont 

the  plute  iti  correflpoDding  directions.  If,  however,  the 
;imen  be  aualogous  to  that  ^nDverniug  Saturn's  rlnR-ByBtem, 
in  which  every  component  partiele  revolves  as  aci  iodepeadent 
natellite,  then  the  speed  of  coronal  mante.r  slackens  witli  in- 
^«6se  of  distance  from  the  auu,  nnd  the  spectral  rays  emitted 
by  it  should  be  dellectod  the  opposite  way.  The  criterion,  if 
it  prove  appLcttble,  will  be  highly  diacnminative  as  regard! 
rivfil  hypothesea 

These  may  he  classitied  as  ejective,  meteoric,  and  electro- 
magnetic. Frofesaor  Stihaeberle  audlyseft  the  phe»iutHerioii  into 
etretuuB  of  matter  ejected  from  the  lower  Ihtitude^^  of  the 
To  the  materioJa  of  the  longest  rays  he  oBcriboB 
litiat  velocities  up  to  400  miles  a  second,  and  excursions 
outward  to  the  remote  ueighbourbood  of  Jupiter  or  even 
SAtiim  ;  ugjves  and  arches  being  due  to  ernptlotis  of  less 
violence;  while  the  interplay  of  innumerable  curving  jets, 
foiefihortened  In  all  possible  waye,  e:^plaioa  tbe  complex  aspect 
of  the  soil's  lucent  crown.  Mr.  and  Mrs.  Maunder*  again*  con- 
sider the  prominonccH  to  '^  represents  centree  of  etrong  eruptive 
aelioD,  and  that  in  consequence  of  anch  u.eticn  coronal  matter 
if!  driven  upward  from  the  sun  over  a  very  wide  area  in  dome- 
like form*'**  A  succesHion  cf  aruhes  reeulbs,  *'  the  outer  lieiog 
leas  definite  and  complete  than  the  inner  one&  Outside  all 
we  Qnd  the  curvee  defining  the  boundaries  of  the  sjnchoal 
group." 

There  is  much  plausibility  lu  these  iuferenees,  Frciui- 
neucea  sre  visibly  spouteil  or  flung  iipwunl,  and  the  luatrons 
filagree  vaults  often  rising  above  them  can  scarcely  have  a 
lolully  diseimilat  origin.  But  the  whole  secret  la  nob  thus 
laid   bare.      The   rationoJe   by  eruptive  action   is  no  coouer 


*  loe.  erf,  ^  60 


'  ToU,l  Jiciar  EsUf^.  Jke.  JS89.  p.  47, 
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^MDu^bt  to  be  m^ide  exclusive  th^m  it  meeta  contradictorj  facte- 

^nt  offbrs  no  admisaibic  explanation  of  varying  Goronal  types; 

^Kt  ignores  the  mystenouB  corouinm  envelope ;  it  ecema  tc  be 

^negntived  l»y  the  bolometrie  oLservfttioiis  of  Abbot  in  IQOO  ; 

for  obviously  Lhe  light  of  the  nuppoaed  bombe^  proj^jutpiles,  or 

pulverulent  ejected  streams  slioul*]  contain  the  ordinary  solar 

proportion    of    heat-rayfl,    which    are    nevei-theleas    markedly 

deficient. 

•  The  corona,  according  to  Sir  WiUijLm  Hiigginp,  must 
cooMst  of  "  incfindBBcent  fog."  And  Profeasor  Newcomb/ 
foUowing  &  nimilar  train  uf  ideas,  av^rs  it  to  bs  made  up  of 
detached    particliis,  wholly  or    imperfectly  vjiporiaed     They 

Imignt  he  most  sparsely  dietributed.  Intense  ladiance  would, 
he  informe  hia  readers,  reeult  from  the  occurrence  of  a  aingle 
iiaginent  of  duet  in  every  cubic  mile  of  epace  about  the  eun. 
But  bow  IB  the  dnst  (if  dust  thei'e  ha)  enpplied?  Does  it 
W>me  from  within  ot  from  without  ?  Here  the  upholders  of 
the  TUeteorit  theory  join  iHsue  with  the  eruptionislR  Tliere 
must  be  riiigs  and  streams  of  meteors  revolving  qoite  close 
to  the  eun  in  orbitA  of  all  possible  iDclinntiona  and  con- 
aid(*rably  varied  occontri cities.  These  furnish,  we  are  told, 
the  Tiiaieriala  of  the  coronn,  wMch — as  Dr.  Scheiner  has 
rea^ubly  shown  ^ — are  raised  to  n  temperature  of  incan- 
descence by  direct  solar  nuliation.  Tliia  view,  nevertheleas, 
like  the  eruption-hypothesie,  is  scarcely  tenable  in  view  of  the 

(non-tbennal  quality  of  coronal  li^ht. 
There  renutins  trhe  electrical  theory.  Formally  enounced 
by  Sir  William  Huggins  in  1885,"  it  remains  unverified 
indeeri  yet  iinrefuled.  Coronal  wtr^^amerH  are  regarded  by  it 
as  analogous  to  comets'  tails :  they  issue  forth  under  the 
influence  of  a  repulaivo  force  emanating  from  the  mxn :  tbey 
are  illtuniaaated  ity  electrical  diaehargeii  duo  probably  to 
differences  of  potential  at  their  bases  and  eiiremities.'  The 
magnetic  relations  of  th*?  phenomenon,  vividly  indicated  by 
the  minimum  forms  esemphfied  at  the  two  eclipstsu  of  1889, 
were    ably  discussed    by  Professor    Bigelow.''      Ha    analysed 

»  Pupular  A^nmoinp,  p.  260  [iidii.  of  1878), 
I  Atirojih.  J\ium.  70.\.  til.  p    25. 
*  Pfve^  ftfr^  S^detji.  vol  luxii,  \\  lOE.  *  De^JADdrei.  foe,  cit  p.  63. 

*  The  So£itr  Q/nma  diaensacd  by  SjikeriaU  ITartjU'nicB,  ISGB. 
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etructure  by  apherical  hannotiicH,  on  the  siippo^iliou 
nritB  dependence  npon  annod  mode  of  action  aimiLir  to  thut 
of  froo  electricity,  "  the  mys  being  lioee  of  force,  and  the 
(^o^oDa]  lOHtter  beJik^  diHcbarged  from  Lbe  l>Q<1y  of  the  huh^ 
w:  arraoged  und   controlled"   by  a.  power  proceeding  from   iL 

further  showed  thftl  the  power  was  of  a  repuleive  nature 

T&ried  inversely  ue  the  square  of  the  distance;^  but  he 
avoided  speaking  of  it  ae  "electrical"  out  of  "deference  to 
the  doubt  that  free  electricity  can  eidat  at  aueh  high  tempera- 
turee  Hs  ]>revail  on  the  aun'a  surface/'  tyDuteiit  to  have  proved 
"  that  some  force  in  preH^nt  acting  on  the  coronn  according  to 
the  laws  ct  electric  potential." 

Tho  diagrammatic  halo  laid  down  on  these  principles  was 
indeed  the  very  "  twin  Di-omio"  of  the  (iorom*  of  1889;  but 
they  etood  ill  the  test  of  prodiclioa  Tho  corona  of  1^9^ 
failed  to  exhibit  the  sjiei-inl  features  anticijmted  for  it  hy 
Profeseor  Bigelow,  Plainly  the  assertion  that  an  illuminated 
mogDctic  field  eurroiinds  the  sun,  although  scarcely  deniable, 
does  not  comprise  the  whole  truth.  The  eame  may  be  said 
of  Hermann  Ebert's  *'  electro-magnetic  theory.*'^  He  defines 
the  corona  ae  "  the  vii^ible  retiction  of  the  finely-divided 
matter  in  the  vicinity  of  the  sun  upon  tlie  dielectric 
polarisation  prucceding  from  the  diflereat  parts  of  the  sun." 
Luminosity  ia  evoked  by  Hertzian  oiicillalionB  propa^^atcd 
oatward  with  the  velocity  of  light,  and  its  filamentous  texture 
correspoDdA  to  differences  in  dielectric  stress  connected  vnth 
the  distribution  of  electricity  on  the  Bun*8  surface. 

The  aarorul  Jispeot  of  the  corona  has  often  beau  com- 
mented upoa  M.  Ebert  remarks^  that  the  magnetic  lines 
of  force  near  the  earth  arc  not  more  definitely  traced  out  by 
the  play  of  polar  lights  than  iirc  those  about  the  aun  by  the 
disposition  of  coroual  raye.  The  truth  of  this,  however^  Ib 
patent  only  ns  regards  aureolas  of  the  niiniuium  lype.  In 
those  visible  at  iua-\inmni  it  is  at  any  rate  diHguised.  For,  aa  the 
suq'9  internal  activity  augments,  beamy  outHows  predominate 
over  tufted  dlluenccfl,  olthoxigh  both  kiniia  of  radiance  may  be 
ainiultaneoualy  present.      Froi'eesor  Hidden  considered  the  aun 

*  Pttblic.  Fao'Jit  3'ttittj/,  vol.  iil.  p.  aifl. 

»  Mcgtutic  J'Sfl^U 'if  font,  p.  78  {1S«7). 
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to  be  hairi/  all  over,  and  qoL  merely  at  the  polea  "  There  ia 
no  laliliide,"  he  wrote,  '"  at  which  we  can  say  thai  here  the 
pol&r  rajB  end  and  a  new  apecitrs— ei^uatorial  raja — begine."  ' 
Tliia  was  also  rea^niMd  by  M.  Himaky  in  hia  atudy  of  tbe 
corona  of  L896;^  but  the  BupeqxwHd  atreamers  ami  arches 
can  with  difficulty  be  ineiuded  in  any  magnetic  theoiy.  On 
the  other  haml,  Mr.  Pupin  of  Columbia  College  ubtaineil  iii 
18d2  Btrikiiig  imitationa  of  the  maximum  type  of  corona  by 
unejius  of  electrical  diachargefi  through  partially  exhausted 
bulba.^  Eft'iiotB  of  polarity  being,  however,  wholly  absent^  the 
reproduetioD  failed  to  convey  one  fundamental  character iatic 
of  the  real  phenomenon.  But  the  deficiency  waa  supplied, 
three  yeara  later.  Ijy  Ebert'a  experiment  of  Biihjefting 
"  coronoidal "  tubes  to  the  actiou  of  a  powerful  magnetic  iidd. 
The  organiaiag  effect  upon  the  light-efiiuence  waa  just  whttt 
was  lioedod,  according  to  Bigelow'e  contention,  to  give  uatiito'a 
own  imprimatur  to  his  "  magnetic  theory  of  the  solar  corona."' 

A  Fact  of  high  import  in  this  connection  is  that  the 
coronal  brigJit  lines  are  not  revfr^eil  in  the  Frttunhofer 
epcctrum>  Coronium,  and  the  goisea  associated  with  it, 
exerciae  no  pf^^ceptib]e  absorption  upcu  the  li^ht  tranamitted 
through  thorn.  Now  tbia  kind  of  inertness,  according  to  M. 
Cantor'a  experiments/  is  di&tinctive  of  aubBtancea  glowing  by 
electncal  stimulation,  so  that  we  have  here — bb  the  lute  Pro- 
feesor  Fitzgerald  pointed  out— a  confinnatiou,  filwolutely  Siii 
ytfn^Tuij  of  the  conjecture  that  coronal  emisaiona  are  analogous 
to  thOBe  of  an  illuminated  vacuum-tube. 

Yet  none  of  the  viewa  propounded  on  the  aubject  are 
completely  satiafactory.  They  have  points  of  contact  with 
truth,  hut  thay  do  not  closely  embrace  it  Tliia,  indeed,  could 
bcirdly  be  expected  a.1  ao  comparatively  eaxly  a  .itage  of  coronal 
reacarch-  For  the  queations  involved  are  beyond  measure 
baOiing  and  intricate.     We  iiuiy  re-enumerate  them. 

One  that  is  fundamental  relates  to  coronal  heat-  Ita 
virtual  absence,  atteated  bolometrically  at  Wndeaborough  in 

'  R-pvrtt  on  Edipte  of  M  /-tnlw  ry,  ISSS,  jk  1 0, 

■  Btdi.  de  VAaid.  da  Sciaust  dc  i!it.  POeribour'j,  v.  vL  Utrcb  1897. 

'  AMt^  and  Astrophyaira,  tdL  iL  \k  453. 

*  jivitr.  JoTirn.  u/ Hfuma,  vol.  ii.  p.  '2bi,  IBOI. 

*  A>inidt«,  da-  fh^tik,  1900,  p,  46'2;  4UoUd  Lj  1!.  F,  Fitzppmld.  yatun, 
TcL  Uii,  p.  T> 
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1900,  muBt  be  confirmed  during  future  sclipaes  before 
DeaUiidrCB'a  contrary  inference '  rb  to  the  copious  presence  of 
loDg  wave«  in  corociLl  light  can  be  Jittally  distiiiftBed. 

The  coroDtuiu- envelope  offers  u  problem  v^hicli  stAiida 
almost  apart  from  that  of  the  stellate  appendage  surround- 
ing it  And  it  ia  one  that  can  acarcaly  yet  be  grappled  vnih. 
No  familiar  uubaUuce  enters  into  Its  com  position.  Its  in- 
gTHiuinLa  are  dlt<iy;eLher  exotic.  The/  do  not  ftiffuse  into  the 
chromosphere,  while  those  of  the  chromtisphen;  are  iu^  sLricliy 
excluded  from  tUe  coronan  The  cause  of  this  eztraordLiiory 
circumQtauce  will  perhaps  long  remain  obecurc.  MeaDwhile, 
th.rongh  the  attempted  apportionmcjit  uf  the  coronal  rays 
photographed  in  totalitiea  between  sundry  liypothetical  sub- 
stances we  am  led  to  regard  coroninxn  as  only  one  of  it  group 
of  gmies  foreign  to  teri-eatrial  esperieuca 

The  rotation  of  the  corona  can  be  meosured  only  by 
the  most  relincd  methods ;  but  there  is  little  doubt  that  they 
will  be  successfully  applied.  Movements  of  other  kinds  may 
also  be  spectroacopically  detetminud,  since  they  are  likely,  in 
many  cases,  Ui  take  directions  oblique  to  the  limb,  and 
therefore  to  have  large  conipoiLenL'ii  along  Llie  line  of  sight 
to  the  earth.  Notwithstanding  the  liisting,  and,  in  some 
reepecle,  the  growing  iniporbaocc  of  securing  the  best  possible 
picture -photographti  of  the  corona  during  totJtlities,  novel 
revelations  are  scarcely  to  be  e]q>ected  fron^  them,  Theii 
leading  interest  just  now  eentn^s,  fir^t  in  the  structural 
relationship  of  i^rouut  archer  with  prominencies,  next,  in  the 
infonoation  they  may  aFTord  about  dark  markinga  In  the 
solar  appendages,  For  the  reet,  we  must  look  to  dayUght 
photc^tLpby.  When  the  great  desideratim;k  is  attained  of 
getting  behind  (as  it  were)  the  veil  of  atmospheric  glare,  wo 
ahall  be  R.b1e  to  tr^u:e  the  progress  of  coro[l^d  change,  to 
follow  the  unbuilding  and  rebuilding  of  the  typical  aureolas, 
to  witness,  perhape,  suiden  coronal  developments  in  sympathy 
with  chromoephoric  outburata  t'rora  the  vantage-ground 
thus  gained,  in  short,  the  tnie  function  of  the  corona  in  Ibe 
solar  economy  can  bo  aystematicaUy  iuvestigated.  During 
the  few  crowded  moments  of  eclipse  this  ia  not  possible. 


UfTfipUM  H^KdvM,  I.  ciu.  p.  36S1  ;  ^ti^rt,  M  July  IfiOO. 


CHAPTER    XII. 

THE   sun's   KOTATIOTJ. 

The  mode  of  tbo  sim'a  rotation  is  perhaps  the  moat  signiScanb 
feature  of  his  cQDsbitubioii-  A  thorough  imderflt&ndiDg  of  it 
would  doubtLeaa  bring  with  it  on  e3q)laiiAtion  of  mauy  other 
oubBtanding  difiicultiee.  But  it  Beema,  unfortun&teJy,  a  long 
vt\j  ofT,  Nd  more  ht\s  been  uttaiDec]  us  yei  thiLli  the  re- 
preseiitatiuri  of  the  ohaerved  f/tttb  by  empiriiyil  formula'.  Hiab 
ifi  to  9/ij,  a  Uw  of  order  b^a  been  discerned  iu  them  althougli 
their  cause  remains  obscure. 

No  siuf^b  period  of  rotation  can  be  ascribed  to  the  autt. 
Each  element  '>f  the  photosphere,  probably  eacli  layer  oi  the 
chromosphere,  movee  round  Lhe  axis  in  fi  fai^hion  of  its  own. 
Tbe  fiLudaiuental  ruU^,  if  Huch  there  be,  is  so  ULH^ked  by  local 
drifts  EAH  to  be  uu recognisable.  The  most  hopeful  road  to  its 
erentual  detectiou  eeems  to  bo  by  the  gradual  disentaugle- 
ment  of  the  solar  influGnces  affecting  terrcBtrial  magnetic 
phenomena.  The  immediate  task  in  hand,  however,  cotLBista 
in  ert-ending  auii  giving  precision  to  knowTndge  on  the  whola 
subject,  iu  bringing  varied  methods  to  bear  upon  it,  and 
in  linking  into  some  kind  of  sequence  the  corcumatancea 
ascertained. 

Until  epectroacopic  and  photographic  means  became  fully 
avEukble,  the  solar  rotation  could  be  determined  only  by 
timing  the  circ.uil.ti  of  ^])utu.  And  spoils  wt^re  very  soon  found 
to  liave  "proper  motions"  precluding  them  from  diacharging 
the  fimctioa  of  points  of  reference-  Hence  there  could  be  no 
uQunimity  oa  to  tl»e  sun's  rotation,  the  period  arrived  ab  by 
each  observer  depending  upon  his  choice  of  spots.  At  length 
Carrington'fl  scrutiny  during  the  years  1853   to  1851  ehowed 
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the  syatematic  nature  oi  theae  hurtling  divereities.  They 
proved  to  vary  with  belioeenttic  lalilude,  and  the  great  solftr 
avHtl  was  brought  into  evidence,  Omx  iu  abuut  twenty-five 
days  the  visibli:  Hiirfaix^  of  the  sun  sweeps  roimd  ul  the 
equator;  but  aa  the  distance  from  it  ino^aaea,  the  time 
len^hena  ]>r(^re8aively.  The  rote  of  retardation  is  given 
matbemalicully  in  the  tcUo^iug  expi'GSBioue,  which,  being 
artificially  adjusted  to  correspond  witti  observation,  niiglit  be 
multiplied  and  modified  indefinitely- — 

FcHKiTLa:  or  Solar  Rotatioei, 

X  =  8Ct'  -  16a'  fdn^  I  (CarriugtoD). 

X=IOir  -soa'ain  ^41'  I3'+  i)  (SpreMt). 

S  =  8e2'-  186'  ain'J  I  (Faje). 

X  =  868'  -  1 67'  nin  ^  i  (TisKiaud), 

X  tfgnilyiTig  tho  daily  angular  motion,  I  Iha  acilar  latinid^. 

Formulae  of  the  kind,  moreover^  are  of  restrict^  applica- 
tion- Based  e:cclu3ively  upon  epot-meaeuiementB,  they  can 
scarcely  be  trusted  outside  of  the  epot-zonee — that  ie,  beyond 
S8^  north  and  south  of  the  equator.  Oarrington's  gives 
a  period  of  25**  9^  53"  where  ^=14%  of  26'*  S*"  9'"  for 
/  =  30*;  and  he  adopted  aa  the  standard  period  25^  9''  0'", 
Gonformecl  to  iu  latitude  13j°-  But  whrtt  thia  avcmge  speed 
of  transport  actually  repr&sentfl,  is  the  mean  rate  of  motion  of 
the  multitude  of  sim-spots,^  not  the  rotation  of  the  body  of  the 
sun.  Professor  Bigelow  argues  from  meteorological  analogies 
that  this  prevails  without  disguise  at  the  eijnator,  while 
retrogreasiTe  currents  of  a  *'  tiude-wiud  "  character  lengthen 
the  periods  derived  from  obwi'vfi.tiona  in  the  epob'Bonee.^ 
Bat  Buch'like  comparisons  are  plainly  inadnufifiiblc.  More 
plausible,  although  far  from  decisive,  is  his  contention  that 
the  equatorial  period  muiHt  be  the  true  one  because  it  lendj4 
itaelf  to  the.  correlation  of  terrestrial  phenomena — aurorte, 
magnetic  atorma,  wind  and  weather  changes — with  eolar 
ontbreaJts. 

Solar  rt^tational  studies  entered  upon  a  new  phase  with 


'  Bignlnr*  Jatr.  and  AstTc^jSpsia^  rol-  xii,  p.  BZ3. 
»  Jitr.  and  Aflroyhfftia,  nl.  lii.  p.  826^ 
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tbe  apjilicaticjo  to  them  of  the  sputitroaiUJ^ie-  The  |>articiilnr 
importatkcti  of  the  innovation  lay  Id  the  ch&nge  o(  venue 
which  it  involved.  A  ucw  courtn  so  to  epeok,  was  constituted, 
a  t'rtflh  eet  oi  witziesscB  called.  These  were  the  Fraunhofer 
UneB ;  and  while  requiring  more  delicate  treatment,  they 
seemed  likely  to  prove  more  trustworthy  than  their  pre- 
dec^BHont^  3pi»L8  do  not  fliNiL  mertly  uii  the  photoRpheric 
tide,  They  are  euhject  to  individual  hurryings  and  laggings 
that  to  some  exttnt  invalidate  the  record  of  their  axial 
progress.  Fraunhofex  lineB,  on  the  contrary,  arc  eminently 
fiteadfaat.  They  fall  short,  it  is  true,  of  the  ahsolute  fixity 
fonnerly  ascrilsed  to  them ;  yet  after  every  deduction  haa  been 
maile,  Lheir  reputation  as  natural  LOiiatatiLH  remaiuK  suhstanti- 
ally  intact.  It  n^ust,  however^  he  home  in  mind  that  wlint 
the  FraunhoEer  lines  tell  about  the  sun's  rotation  is  not  strictly 
comparable  \vith  the  information  derived  from  spotn.  For  they 
proceed  from  a  different  level,  and  lany  therefore  obey  a  different 
law  of  revolutioa  They  indicate  the  velooily,  not  of  the  sun 
itself,  hut  of  the  abi^orbeut  strata  in  whii^h  they  originati^. 

The  eaateru  limb  of  the  ami  advanceti,  tbe  western  limb 
recedes  at  the  rate  of  12  miles  a  eeconii  The  consequent 
line-diaplateiaeati*  amount  to  juat  j  J.^  the  little  gap  between 
the  D'lines  of  sodium.  Id  1871  thuir  simple  detection  by 
Vogel  was  a  feat  of  some  moment.'  Five  years  later.  Young 
waH  triabled,  l^y  his  early  poasetiaion  of  a  grating  or  diffraction 
qrectroBcope,  to  fix  their  mu^e  with  approximate  accuracy. 
Then  Laagk-y  showed  how.  by  their  means,  to  distinguish  at 
a  glance  lines  of  aoiat  and  telluric  production.  For  in  juxta- 
[foeed  spectra  from  opposite  ends  of  the  equator  Ciie  sohir 
linea,  bting  affected  by  rotation,  are  manife&tly  "  notched" 
while  atmospheric  rays  run  straight  on  without  a  break. 
They  stand  Belf-'innouDced  as  of  domestic  production. 

The  differential  plan  of  measurement  thua  suggested 
obviates  many  forms  of  otherwise  inevitable  error.  It  woa 
adopted  by  Dun^^r  in  his  classic  work  on  the  sun's  rotation, 
presented  to  the  Royal  Society  of  Upsahi  14th  February 
1891.  He  selected  two  iron  lines  in  the  red  (XX  6301-72. 
630  2'72)  fur  eomparisou  with  a  pair  of  adjacent  oxygen  lines 
irom  the '^  Alpha  "  band,  known  to  be  teiTee trial,  and  there- 
^  Hi^irrff  qf  Aoirotivnif  (A.  tt  Clerkv).  4tU  «dit.  p,  203. 
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tare  exempt  fiom  motion-sbiftiiigs.^  Tbey  were  then  eofdy 
treated  aa  fiduciB] ;  and  the  intervalB  between  them  and  the 
iolar  lines  difTend,  taisl  and  went,  iif  tht^  equator,  to  an  extent 
corie^pondiEg  with  ixftatian  in  a  period  of  Iwenty-five  ^nd 
Q  half  days.  By  the  use  of  the  utmost  refinements,  the  obaerra- 
tiOEs  were  carriL-d  up  to  within  fifteen  degrees  of  either 
pole,  where  the  period  was  found  to  be  proti-acted  to  thirty -eight 
uid  It  hulf  dayn,  the  intervenicg  zones  ahowiiig  intermediate 
Telocitieti.  Direet  acquuintanee  with  the  Kan's  Axial  move- 
meot  wa0  Ihua  extended  far  beyond  the  regiona  of  epot* 
occurrence;  and  only  direct  acquaintance  le,  in  Ibia  matter,  of 
any  avail,  since  the  formulie  devised  to  suit  ]ow  lalitudee 
break  down  nearer  tlie  poles,  diealosiDg  their  unsonndneBa  hy 
a  total  want  of  agreement  in  the  perioda  caleulated  from 
them. 

"  Carrington'H  Uw  "  might  have  been  true  of  spots  only  ; 
it  tnight  have  denoted  some  peculiarity  in  their  mode  of  pro- 
duction^ cnueing  a  systeTuatic  increase  of  backward  drift,  north 
and  south  of  the  equ^tot.  The  Upsala  me^ifiures,  however, 
proved  it  to  upply,  irrespectively  of  spots,  lo  the  tvoUr  globe 
generally.  They  UiM,  indeed,  something  more  than  this. 
The  period  deduced  from  them  waa  longer  than  that  given 
by  epot&  The  ditJcrcncc  amounted  to  about  half  a  day.  and 
it  persisted  in  all  latitudes — that  ia  to  sajj  the  vapour  of 
irc»n  surmounting  the  photosphere  gyratea  more  slowly  than 
the  epota  ifi  the  photospberi?.  A  VHrialioii  of  angular  speed 
with  elevation  above  the  sun's  aur&ice  was  for  the  firnt  time 
indicated.     Confirmatory  evidence  was  soon  forthcoming. 

The  photographic  invef^tigation  of  f ocular  movements 
was  attempted  by  Dr.  Wilsing  at  Potadam  in  1888.^  From 
1012  measorementfl  executed  upon  108  plates,  he  obtained  a 
constant  anguhir  velocity  of  14^27  p**r  diem,  equivalent  to  a 
period  of  2523  dayti,  which  isjust  that  of  spota  situated  ten 
degrees  from  the  equator.  But  the  condusioo  that  faeulic  in 
all  parts  of  the  sun  conform  to  it  woa  certainly  fallacious, 
M.  B^lopolsky  made  this  apparent  in  1892,'*  and  M.  Slratonoff 
of  Taschkent  still  more  decisively  in  1894-96,*     Hie  research 


■  Potmiam  Pithl  Bd.  n.  pL  ii.  ;  Adt.  I^ticA.  NtM.  flOOO,  31^5^  3237. 
■  A^r.  0nd  Aatro^tjm^s,  toI.  liL  p.  63^  *  AatT.  ^xh.  ^■ofl.  327B,  3314, 
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included  the  determination  of  2168  poaitionfi  of  997  facuba 
on  316  Fulkowa.  pUtes,  and  furniahed  the  t^learesl  evidence 
of  their  poltfward  ivtardatioa  The  Stocjbiirst  drawings. 
diBCUBSed  bj  Patbers  Sidgreaves  and  Oortie/  yielded  eimilar 
resulte.  Concomitant  inorease  of  period  and  latitude  is,  in 
fact,  a  rule  without  exception  on  the  eim. 

Faculre,  however,  Imve  a  mean  rate  of  their  own.  In  the 
fiame  parallels  they  are  tranHported  more  rapidl;jr  than  either 
apota  or  aheorlk'.nt  TapouiB.  Their  period  of  rotation  ia  the 
shortest  attributable  to  any  eolar  formations.  The  main  facts 
of  the  caae  can  be  taken  in  by  a  glance;  at  the  foUowiug  little 
table : — 

PuuoDb  m  Datb 


l^lllv. 

^^       i:^' 

80" 

2fi-44           1            ET'4a 
3£'8l          ,          51  -83 

The  equatorial  facnlar  period,  it  ie  worth  noting*  la  nearly 
identical  with  that  ascribed  by  Homsteiu,  on  the  ground  of 
magnetic  obaervatioos,  to  the  mass  of  the  sua 

The  diveniitiea  exliibit^ed  above  are  aa  perplexing  as  they 
were  unexpected.  They  do  Dot  even  fall  readily  into  any 
satisfactory  order  of  progrceeiou.  The  slowest  movement 
bolongB  to  the  rcveraing  Inyer,  or  at  least  to  the  slice  of  it 
stopping  out  DanOr's  iron  linefl  ;  for  there  ie  no  certainty  that 
the  entire  Htratuni  mtatei*  unanimoualy.  It  is,  however, 
cerUiin  that,  it  covers  I>ot,h  wpoLa  and  facnlte.  The  JtiTel  of 
absorption  is  higher  than  the  level  of  Lhc;  photosphere  with 
ail  its  immediate  appendages.  Thia  fact  has  been  already 
insisted  upon  i^  it  may  perhaps  usefully  be  reasserted  in  the 
present  connsctiou,  Frjiunhofer-absorption  is  etumpcd  in  the 
prismatic  riiys  of  faculie  and  sun-spots  precisely  as  in  those  of 
the  photosphere.  They  have  then  l)een  demon strably  aifted 
through  the  same  screen  of  incande^ceut  vu^tours.     We  Imve 

>  Mimtk^f  NotiatM,  vol  It,  No.  1  ;  AXfoph.  Jmim.  vol.  tit.  p.  S17. 
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jel  to  learn  that  th&y  eat^pe  anj  minuU^tL  part  of  the 
abeorptive  eflects  prod^tced  in  ordiuary  eimlighb.  Tbej  miut 
accordingly  be  submyrt^ed  beneath  the  whole  eeries  of  strata 
cccaeioniDg  them.  At  the  qoxhg  lime,  it  has  lo  bo  borne  in 
mind  that  Duncr'a  deductions  rest  apon  a  narrow  basia  He 
meaeured  only  a  single  pair  of  Lines,  and  we  lack  the  specific 
aSBamnL-e  that  tliose  individujil  liues  oecur  in  the  facnlar  and 
Hpot  spectra.  Prasumahlj  the^  do;  no  reason  ia  apparent 
why  they  should  behave  exceptionally;  but  a  direct  record  of 
their  actual  prcBcncc  would  be  aatiefiictory.  They  ehonld  also 
be  looked  for  in  the  '^fla^h"  at>  the  edj^^e  of  the  eclipsed  enn. 
Thoir  detection  as  brilliant  Lines  would  con£mi  and  settle 
tbeLr  atatns. 

But  here  we  encounter  an  anomaly.  SiLce  the  reveraing 
layer  rotates  more  dowly,  and  lies  higher  than  the  photoepheric 
l'orDiaUoQ»»  u  Uw  of  retardiitiou  with  altitude  might  be  aaenmed 
Its  prevalence  is,  neverthelees,  coutradicted  by  the  rekticns  of 
spots  and  facolx.  Facuke  undeniably  rise  above  epots,  yet 
they  wheal  more  nipidlyj  they  give  a  rthorter  peric)d_  This 
9eem»  to  be  efitablished  by  Wolfer's '  con^rmatioii  oi'  StrntunolfH 
revolts.  Thua  while  retardation  outward  15  indicated  by  the 
reversing  layer,  occelaratioQ  outward  ia  forcibly  au^gested  by 
taenia.  And  there  is  a  general  confitnsus  of  opinion  that  this  nils 
applies  generally,  so  that  the  comparative  tardiness  of  the  absorp- 
uive  rejfion  stands  over  as  an  unexplained  discrepancy.  Even 
within  the  region  itself,  Mr.  Lewis  K.  Jewell  haa  found  indica- 
tions of  diminishing  angular  velocity  towards  the  photoaphere, 
where  also  the  equatorial  quickening  is  small  compared  to  its 
value  higher  up '  Moreover,  Bulopolaky'a  Bpeculatioua  as  to 
tbe  nature  of  the  corona,  which  prutaibly  adumbrate,  if  they 
do  Dot  convey  truths,  require  that  it  should  rotate  much  more 
swiftly  tlian  the  aun  itaelt^  The  forecast  will  doubtleaa  be 
tested  ere  long  by  eclipae-speetrogroma  Indeed,  further  evi- 
dence is  mucb  needed  on  a  numbor  of  crucial  points  oonnected 
with  the  fluu'ti  rotation. 

Doner   C0TiiVs.setl   his   inability   lo   inuLjjiuB  a  "Why"  for 
the  sin^utar  rotatory  regime  of  whiuh  be  had  clearly  expounded 

1  V\€vUiJtiht99chHft  ^tUur/oTM^  0/!W.  i»  Zurich t  Bd,  ili.  iSllfi, 
''  Atirojih.  JoiLfu  vol.  JT,  p,  13fl, 
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the  "  How,"  "  Tt  constittUeB,"  he  remarked,  "  one  of  the  most 
dillkuJt  problems  iii  astro pliysics."  Que  theory  after  another 
Ims  been  proposed,  and  sunk  out  of  sight,  overweighted  hy 
mamfeat  incoDsistoncies.  A  muctuae  *' going"  like  the  eun 
the  wit  of  man  has  not  yet  been  ahlo  to  doviee,  NevertheleBS, 
a  means  of  evading  the  difficulty  has  been  found.  The  possi- 
bility haa  bean  pereeived^  and  perliaps  too  readily  admitted,  of 
regarding  it  ae  a  legHcy  from  chaos  to  cosmos.  Tlie  embarraBs- 
ments  surroiindiTig  the  subject  may  be  relegated  to  a  far-diatant 
age,  and  to  a  state  of  tbinge  for  wbicb  tbe  litvestigatoTB  cf 
to-day  dieelaim  reaponaibility.  The  anomaly,  an  this  view,  ie 
a  survival  cf  nebulous  conditions,  which,  so  far  from  having  a 
present  sustaining  cause,  is,  and  has  always  been,  subject  to 
the  deatnictive  ageuuy  of  friction.  Why  then,  it  may  be 
EL^ked,  haa  it  persisted  throughout  the  a^ns  of  the  sun's 
growtb  ?  Should  it  not  have  been  quite  early  aboliahed, 
if  it  be  nothing  more  than  a  residual  inequality^  begun 
to  be  smoothed  away  in  the  dim  foretime  when  the  solar 
globe  took  shape  ?  Mathematicians  reply  in  the  negative. 
Wilci^yufiki  of  Barlin  gave  in  1896  an  apparent  dEmonalra- 
tioLi  that  internal  redstaace  c^nitot  change  the  diurnal  arc 
described  by  any  point  on  the  son  to  the  extent  of  tvv'o 
minntes  in  twenty-seven  million  years.^  But  Harzer  showed 
it  to  be  applicable  only  to  cases  nou-existentr  in  natura^  It 
would  be  vahd  under  ideal  circumstancea ;  things  being  as  they 
actually  are,  it  falh  to  the  ground. 

Starting  from  less  questionable  premises,  however,  Wilsing 
of  Potsdam  in  1801,*  and  Snmpaon  of  Durham  in  1894,^ 
reached  practically  the  same  coocluaion.  They  agreed  that 
miOioiiB  of  years  must  elapse  before  the  sun  comes  to  rotate 
"all  of  a  piece,'*  like  a  solid  body.  There  ia.  indeed^  one  flaw 
in  their  reasoning.  Both  limit  coaveclive  drculation  within 
the  solar  globe  to  a  relatively  thin  shell  of  material  They 
asmgn  to  radiation  an  easentiatly  Buperfioial  cbaracterp  In 
the  attempt  to  prove  that  the  rotational  currents  6ow  without 
impulsion,  they  sacrifice  the  functional  efficiency  of  our  great 
light-giver.    For  assuredly  its  immense  output  of  mdlant  energy 

^  Atir,  Jotim.  Ko.  iH  ;  Jttropk.  /*«r»,  v»l  W.  p.  101-        '  !hi.t  voL  t-  p,  87, 

'  Aatr.  Nach,  No.  3036  ;  Aslrffyh.  Joum.  val.  ui.  y.  2*7. 

*  MtTHoin  Royal  Asir.  Soeiely,  roL  li,  p,  133^ 
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can  onlj  be  supplied  from  interjor  aDoreB,  rendered  available  by 
powerful  aaJ  deeply  TOtitfd  vertical  currents.  But  the  continued 
activity  of  such  a  eysteni  sbculd  ei>eedily  efFiice  inequalities  of 
surface  drifts ualosR  eome  couiitervailing  forco  mnintainod  them. 

Dr,  Willing  jisaerte  that,  in  the  compaTotively  late  "  phase 
of  celestial  evolution  repreaent^d  by  the  fixed  sturs,  rfidial 
curreLte  are  beginning  to  disappear."  It  might  mora  plau- 
sibly be  argued,  considmng  tha  iutenae  brilliaui^y  of  euuh 
bodies,  that  radial  cuirente  are  in  them  at  a  maximum  of 
Strength  and  vuUnna  *'  We  are  therefore  relieved  "  the  author 
eonlinuefl,  "  (roni  the  difficulty  of  aotoiinting  for  '  Carringlon'B 
Uw  of  rotation '  on  mechanical  and  physical  principles,  since 
it  app«tra  as  the  result  of  earlier  comlltioDfl  of  motion."' 

We  leave  a  good  deal  to  the  coming  time-  why  shonld  we 
Dot  flhifb  an  occasional  perplexity  lack  to  the  broad  Bhouldera 
of  antiquity  ?  Much  that  le  inconcdvahle  in  a  Bun  might  be 
poenbla  in  a  spiral  nebula.  No  exmh  expedient,  Lov^evBr,  will 
answer  the  present  purpoae.  The  onginftting  cense  of  the 
I's  rotational  anomalien,  whatever  it  may  have  hieen,  cou- 
itiea  to  act.  In  a  globe  ao  profoundly  dtfiturhed,  they  cuidd 
not  possibly  have  survived  of  theniBelves. 

Profoesor  Young  tinde  the  neccsaary  di'iving  power  in  falls 
of  cooled  materiale,  bringing  with  them  to  the  photosphere 
the  swifter  motion  appertaining  to  a  wider  circumferenoe. 
The  conee<jueiit  accelerative  iropu]pe  would  be  grejil^st  at  tlie 
equator,  and  would  diminish  to  nothing  at  the  poles,  accord- 
ing, so  far.  with  the  observed  facte.  Spots,  moreover,  by 
onruahoa  at  epoche  of  reconetniclion  or  recrudescence,  formally 
acknowledge  the  receipt  of  supplies  from  above.  But  Cairiny- 
ton's  "law"  governs  all  the  solar  formations,  and  the  rationale 
by  continuous  downward  pi-ecipitationa  seenis  to  he  of  very 
partial  applicability.  Faye  tried  to  solve  the  problem  on  an 
inveiee  principle.  Instead  of  descents  from  without,  ho  postu- 
lated ascents  from  within,  the  equatorial  rotardiition  being 
less  than  that  in  high  latitudes  because  the  rising  maltJ^r 
comes  from  nearer  the  aurface.  This,  liuwever,  wan  a  purely 
sjtificial  arrangement,  with  no  voucher  for  ita  reality.  The 
explanation  needed  to  be  explained  Speculation  here,  as 
claewhere,  must  await  the  progress  of  direct  inquiry. 

^  AUmpK  i/i/iirn,  rot  iii.  |>,  248, 
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SOLAB  periodicity  is  a  most  complex  phenoniocoiL  The  more 
it  is  atudif?d,  Che  less  it  aeema  to  l^e  understood.  Its  ejects 
brancb  out  into  endleaa  entangled  and  oLst^ure  fih-es  of  fiwitn 
to  trace  all  of  which  back  to  their  I'oot-aource  would  be  ;tii 
ftlmoBt  Buperbumaii  taak.  At  preeent  tbef  can  only  be  dealt 
with  in  groups  ^x\^  tentatively.  Their  ttubtle^  and  ofttn 
dieguieod  relationehips  ueed  much  patience  for  untnvelmont. 
They  need,  above  all,  a  free  mind  Prepossesaions  ate  sure 
to  coniprnmia«  truth. 

The  aun  in  subject  to  a  rliytlimical  ticis  of  disturlwii»*, 
ebhiDg  and  flowiug  in  olout  eleven  years,  But  the  flow  ie 
irregular  and  Hpasmodic  Both  the  intensity  of  the  cxisee  and 
the  intervals  at  which  they  recur  vary  hirgcly  and  unaccount- 
ably. Probably  the  eleven-year  cycle  is  involved  in  otherB. 
One,  there  is  reason  to  believe,  brings  about  altentate  aecentu- 
ations  and  partial  effacementB  of  t;han^  compdwd  within  a 
term  of  some  aixty-five  yeara'  And  minor  pulsations — 
waToIetB  on  the  great  roUete—are  besides  evident.  Prediction, 
nevertheless,  remains  at  fault,  Spot-masiaia  aw  delayed  or 
anticipated,  they  are  languid  or  energetic,  ae  the  outcome  of 
modes  of  ft<;tion  defying  caloulation.  Not  even  the  loose 
fetters  of  an  Hrhitrftry  foriimla  hiivt  ever  h^n  forged  for 
them.  The  attempt  would  indeed  be  bopeleaa,  since  the  lawa 
governing  them,  besides  being  highly  intricate  in  them^lves, 
are  plainly  disturbed  in  their  working.  CircumHtancea 
intervene  which  we  must  call  "  accidental."  Could  we  describe 
them  in  detail  the  science  of  solar  pbyaicfi  would  lie  before 
us  as  an  open  hook. 

■  Cr.  Halm,  Aii'nafM  Edin.  Oltertalfny.  vol  i.  p  0fi,  lUOS, 
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The  "error"  of  the*  spot-period  may  iimount  to  nearlj 
half  its  QorouLl  Uagtli.  Tims  BixCeen  year»  elapsed  be- 
tween  the  mazizuum  of  1 7SS  and  the  next  certainly 
enauii^*  and  011I7  7~3  jeare  Beparated  the  culDiinating  pointA 
in  18299  aud  1837-2.  A  characU^ristic  feature  of  the 
repreeentative  curve  is  that  it  mcunta  more  nipidly  than 
it  descends.  Maxima  auec^^  minima,  on  an  average,  after 
45  years,  while  the  corresponding  minima  are  only  reached 
ftfler  6'1  yeara.  Substantially^  a  disparJly  of  thin  kind  is 
probably  always  present,  although  now  aad  agaiu  moaked  by 
the  prominence  of  a  secondary  maximum-  These  peculiarities 
deserve  the  most  careful  attention,  as  sulBcing  in  themaelves 
10  place  the  Bun  in  the  category  of  variable  etara  His 
spot^curve  might  almost  be  wid  to  be  modelled  on  the  light- 
curves  of  8iidi  objects;  and  the  analogy  is  eminently  instruc- 
tive.  We  learn  frcm  it,  fctr  instance,  that  a  spotted  con- 
dition in  the  sun  matches  a  phaae  of  strong  luminoeity  in 
the  atars  ;  and  are  hence  led  to  infer  that  the  sun  radiates 
tnofit  powerfully  when  hia  disc  ia  moet  maculated.  The  extreme 
difticwlty  of  obtaining  direct  proof  of  thiJ*  relation  lendw  especial 
valae  to  the  side-wiud  of  evideuee  thuf*  hrougfit  to  bear. 

Now  au  increaae  of  radiation  involves  a  quickening  of  the 
sun's  internal  circuLition  ;  and  the  process,  when  hurried,  is 
hfccly  to  become  tumullnou>i.  So  that  a  connection  is  easily 
traceable  between  heightened  brilliancy  and  photos ph eric 
laceration.  Spots,  hcwevirr,  are  only  th*»  moat  tonnpieuoua 
HympUjmA  of  an  agilaled  sLate.  FrcuIib  nnd  prominences 
follow  suit.  They  ore  indeed  too  intimately  bound  up  with 
dpct-economy  to  do  otherwise-  The  corona,  by  a  less  ohviouB 
neceeaity,  Bympathises,  and  the  periofUcity  of  all  theee 
formations  has  a  double  aepeet.  They  tiuctuate  in  mode  of 
distribution  as  well  as  in  vigour  of  development  Spots, 
foculcp,  prominences,  and  coi'una.  )dl  vaiy  similarly  and 
simoltoncously  in  htLiographic  latitude  as  tbc  waves  of  dis- 
turbance riae  and  fall.  The  spot-zones  are  not  atationaty. 
They  Bhift  over  Iho  l-ody  of  the  bud  according  to  a  definite 
law  enounced  by  Carrington  in  1859,  aud  confirmed  by 
Spoeror  in   1861,'      At  maxima  they  ocuupy  mean  positions 

^  CJr^lc^  HiM.tfJttr.  p|i.  148, 14».  ith  hI.  '.  S]JoerBr,  Fot^daya  fnll  Bd.  x. 
fan  L  UV4. 
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in  about  fifteen  d^rees  of  north  and  south  latitude  ]  then,  as 
tha  cycle  advanceflj  they  close  togt'ther^  Hnd  the  cHmmotion 
filially  diBB  out  neur  the  eqiiutor.  Meanwhile,  the  at&Tt  of  a 
Qovp  aeries  in  high  labitudea  haa  anticipated  the  tcrminalion 
of  the  old.  Feeble  at  the  commencemeat,  it  gaius  strength 
08  it  departs  more  and  more  from  ite  native  regions  "  Mobili- 
tate  viget,  vireaque  acqnirit  eimda"  Fig.  17t  copied  from  a 
diagr.ini  f>f  Spwrer's,  ilJuj<trate&  the  nature  of  this  pri>gre«- 
sion.  The  averlajiping  of  the  curves  at  minimum  biings 
before  us  the  remarkable  circumstance  that,  aa  a  consequence 
of  euceosaive  diaturbenece  brooking  out  boforo  those  ante- 
cedent to  them  bave  expiied,  the  fnlJ  duration  of  each  iSj 
ont  eleven,  but   twelve  to  fourteen  years.     Moi^over,  spot- 
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production  at  minima,  however  inactive,  has  a  twofold 
nidus;  two  widely  separated  zonee  in  each  hemisphere  ai'e 
*i,pprofriat*?d  to  it.  A  fiu;tLer  characteriatic  of  the  cyclical 
decline  in  latitude  is  that  it  procfleda  in  "wavea."  "Every 
fourth  or  fifth  rotation,"  Mr.  Mauuder  teUa  us,  "  there  will  be 
an  effort  to  reach  a  higher  level,  a  Lft  of  one  or  two  de- 
green,  and  then  a  gradual  slipping  back  until  a.  fresh  effort 
brings  another  email  lift»  but  a  weaker  one  than  the  last. 
And  HO  the  cycle  goes  on  ;  the  decline  is  continual  on  the 
whole,  but  is  broken  and  interrupted  by  these  frequent  little 
etnigglea  to  get  back  to  a  higher  plane."  ^  The  growth  in 
spotted  area  accompanying  the  descent  of  the  zones  is 
eimilarly  thythmieaL  So  closely  connected,  indeed,  are  these 
two  modea  of  periodicity  that  irregulaxitiea  in  the  cyclical 
progresBion  frequently  show  under  the  double  aepect  of 
abnormal  omtbi-eake    of   spot^.  and   abnormal   movementa  in 

'  KwMUdgt,  7»1.  xr.  p,  131. 
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latitude.  Theories  are  nccordingly  valuel^fis  that  fail  lu 
rfttionAliHi*  simultaneously  both  kiuds  of  facte,  Severul,  indeed, 
profsfia  to  do  so.  but  hy  coDstraioed  eipwlieatSi 

The  £oniLl  l&w  jtppllfis.  ^th  qualiSc^tioiiS,  to  fctcuke  and 
promincneca  Eruptive  prcmirtenceB  aro  atrictly  govei'oed 
by  it.  They  trequeat  the  spot-belts,  it  may  be  said,  ex< 
cJuatvely,  The  quiescent  kind,  on  trhe  contnLry,  avoid  them,' 
and  have  their  maio  gathering-gi-ountis  within  Qffceeii  de.gteee 
of  either  |iolfc.'  They  may  evHn  occur,  near  spot-majdum, 
right  up  to  90°  of  latitude.  Aa  activity  detteasee,  however, 
they  too  move  downward,  and  crowd  more  or  leaa  doeel}' 
towards  the  equator,  although  maintaining  at  all  timea  h 
wider  mage  than  spots.  Faculte  ahow  a  divided  allegiance. 
They  attend  on  apotB,  and  their  principal  niaxima  are  hence 
displaced  with  the  spot-zone^,  while  their  attioity  with  quiot 
prominanceB  is  evinced  by  the  occuixence  of  eocoadary 
maxima  in  high  latitudea  Not  that  their  local  arrangement 
m  the  Bame  with  th[Lt  of  promiueiLcoe.'  Discrepanciee  ate 
frequently  noted;  and  they  are  important  as  indicationa  that 
the  two  varieties  of  outgrowth  do  not  originate  uuder  identical 
conditions. 

The  auc<»aeiou  of  coronal  types  is  in  clear  accord  with 
the  law  of  jsonee.  Streamers  and  pri^miniincee  march,  on  the 
whole,  closely  together  They  unanimously  quit  the  poles 
alter  each  maximum ;  they  linger  in  company  over  middle 
Latitudes,  where  "  Bynclinala  "  overarch  red  Qamefi  at  epochn  of 
medium  activity  ;  fituilly.  they  dej^cend  towHrds  the  equator. 
the  white  wiiiga  of  the  minimum  corona  meeting  and  upread> 
ing  above  the  last  membets  of  each  decadent  eruptive  seri&s. 

The  spectral  periodicity  of  the  aun  ie  less  marked  tbaii 
might  have  been  expected  It  is.  indeed,  almost  conned  to 
epotiL  The  ordiiiary  spot-spectrum  at  minimum  (to  rep«nt 
what  haA  been  already  stabed)  includes  many  brctadened  iron 
Unee,  replaced  at  maximum  by  vanadium  and  acaadium 
absorption.  The  nature  of  the  individual  spotj  however  (as 
we  have  seen),  not  the  stage  of  the  cycle,  is  really  the 
determining  cause  of  this  diveraity,  which  recurs  periodically, 


■  PAnfi,  Pull.  Sa^aUl  Otatn.  Bd.  ri.  fk  4L 

■  Uuuri,  Attrarp^  Joitnu  vol   it  p.   lift;  EvBrrfjed,   AMr.  ami  A$[n/A. 
vnl-  xL  p.  43S.  '  Muoan,  Astroph^  Jwm.  rnl  vL  p.  AJi^ 
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simply  because  Tnininium  -  fonnationfl  are  uaiLally  of  thf^ 
trantjuil  sorl.  Tbe  chrouioBpherlc  Hpei;ljriiin  hns  quil*  other 
relalions.  It  doea  not  vary  fun drim^Q tally ;  bub  the  melsUic 
raya  temporarily  added  to  it  become  fewer  08  mciHllio  injec- 
tiona  fall  off.  Nor  is  tbo  quality  of  coronal  light  subject  to 
radical  change.  Only  the  relative  strength  of  itB  constit- 
uentB  slightly  fluctuates-  Zn  the  "winged"  type  the  ga«eouB 
emiseionf*  are  feebler  than  in  the  "  radiated  "  type:  yet  they 
are  always  present  and  always  the  same. 

The  virtual  invariability  of  the  Fmunhofer  apectnun  is 
more  surpriaing,  Bince  the  revereing  strata  are  in  loiniediaU} 
contact  with  the  periodicftlly  agitated  photosphere.  They 
preaerre,  navertheless,  an  alraoet  invinkblt  tninqLiillity,  and 
their  composition  rEiinaina  unaltered  from  one  cytle's  end 
to  the  next,  A  single  recurrent  niodiUcation  ia.  however, 
juat  traceable.  It  is  that  produced  by  the  emergence,  at 
majdmnmr  of  the  facular  bright  linee  H  and  £.  Pto  tanto 
and  pre  Itmpor^,  the  symptom  conBtitutes  the  sun  a  "bright 
line  star/*  Analngoti^  deteetiinns  in  Htellar  spef^Lta  would 
afford  a  poRtdbility  of  deterniining  the  Bpot-perlodB  of  globes 
in  the  solar  condition ;  but  they  are*  for  the  preeeut.  Hcarcely 
to  be  hoped  for.  The  obaervation  is  ditlicult  in  the  aun  ;  in 
a  atari  unleps  facilitated  by  extraordinary  facular  development, 
it  would  be  irapossibla 

The  throhhingn  of  noUr  agitation  affeet  his  entire  eyatem. 
In  how  nni.uy  wayt^.  and  by  what  hidden  means,  we  can  but 
vaguely  eurmii*e.  Terrestrijil  meteoro]ogj%  ae  *i  whole,  is 
certainly  embraced  m  the  great  cycle,  although  the  details 
of  its  conformity  baffle,  by  their  intricacy,  the  moat  paina- 
taking  pursuit-  Only  in  the  roagnetic  department  there 
LR  no  room  for  doubt.  A  thoroughly  aatififrwtory  diaciiaaion 
of  the  subject  was  completed  in  1898-99  by  Mr,  William 
EUis,^  who  for  long  years  controlled  this  branch  of  work  at 
tirecnwicb.  Comparing  the  observations  of  the  diurnal  range 
of  magnetic  declination  and  boiizontal  force  mode  at  the 
Roy-il  Obsi^rvatoiy  during  the  years  1841  to  1896,  with  the 
sun-spot  nunibcrM  fur  the  same  interval  determined  by 
Wolf  of  Zlirich,  he  found  between  the  two  orders  of  pheno- 
menon, not  only  a  general  paruUeliBm,  but  a  correspondence  in 

^  FYoc  Hvjftd  fSucicfj/i  vol  IxUi  p.  94  ;  Monlkiy  NUka.  vul.  \i.  p.  142- 
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irregolaritieB  of  period  nud  aeeondftry  variiitiona  of  lEtensily, 
This  is  sLrLkingly  avidenl  in  Fig_  18,  wipied  by  kind  permis- 
sion from  his  puper  read  before  the  I£oyal  Society.  LCth  March 
1898. 

The  sympathetic  relation  extends  to  aurone.  They  even 
obey  a  "  Uw  of  zones"  similEtr  to  that  regulating  the  distri- 
bution of  aun-BpoC3.  The  earth  is  circled — preBumably  in 
each  bi^miaphere — by  an  auroral  htdt,  nbich  fidviutces  into 
temperate  klltLdea  at  epochs  of  ooamic  diaturhauce,  bub 
retiree  towoxda  the  pole  aa  ib  quieta  down.  The  reality  of  the 
connection  wae  Bingulaiiy  affinnod  by  the  eimultaaoous  Ucnrth 
of  Bim-epet6  and  aurora  during  the  seventeenth  eentiuy, 
A  prolonged  aolar  calm  appears  to  have  set  in  about  lti43. 
Galileo  aod  Scheiner  had  been  at  no  loss  for  objects  of  study; 
but  tbe  diligence  of  their  successora,  although  um'claxcd,  wont 
moatly  unrequited-  To  Cassini,  FUmflteed,  Hooke,  De  la 
Hire,  the  occurrence  of  a  spot  was  an  event  of  mre  interest, 
which  rewarded  perhaps  a  decade  of  fruitless  watching.  Vetj 
aa  JVfr  Maunder  says,^  tbe  cycle  was  "  submerged  "  rather  Ifcan 
actually  abtAished,  "  the  crestfl  of  a  sunken  spot  curve  "  being 
marked  by  the  solitary  spots  perceived  in  1G60,  1G71,  1634, 
1695,  and  1705.  Definitively,  the  protracted  minimum 
came  to  an  end  in  1716,  and  there  was  a  normal  maximum 
in  1718'  Meantime  aurorie  too  were  in  abeyance,^  None 
were  seen  in  England  ft"om  1575  to  I705,whena  glimmer  of 
polar  lights  htrraldud  Lhe  maguificent  display  wiluessed  by 
HnJley,  17lh  March  1716.  That  there  w&s  concomitant 
magnetic  quiescence  need  not  bo  doubted ;  but  Uaus^  of 
Gottingen  was  still  in  the  distant  future,  and  nothing  could 
be  known  on  the  subject. 

Individual  outbreaks  on  the  sun  are  oftan  unmistakably 
itSBOciated  with  commotions  of  the  barrestrial  magnetic  fiyHteui. 
These  so-called  "atorme"  are  world-wide  in  their  nature, 
abrupt  in  tbeii'  origlu,  and  bear  witness  to  some  sudden  vital 
iipasm  attacking  tbe  globe  as  a  whole,  and  at  once.  Auroras 
and  earth -cor  reals  make  part  of  these  mysterious  affections, 
which  commonly  reach  their  htigbt  vvhen  a  laigt^  ^pot-group 
is  neatly  central  on  tbe  disc — that  ia  to  say,  when  it  is 
broadside  on   to   tbe  eartli-      Instaocee  abound.      On   17th 

■  SnoKisdye^  vol  xni  p>  17C.  '  Ili*f.  y.  SOS  (A.  ftL  Clerked 


THE  SOLAK  CYCLE 


IBT 


November  1882,  the  photosphere  was,  to  the  naked  eje, 
eonspicuouBly  ren^  The  coiuvident  aurora  and  mogaetk 
storm  were  said  to  "  beggar  degcriplion."  '  A  apiodle-sliaped 
beam,  which  darted  that  night  across  the  sky,  wjtd  indeed  a 
unique  phenomenon,  and,  an  itn  farthing<Aiid)e  ^cali.',  recalled 
the  amazing  Bolta  damheau  of  lab  September  185Q.  Nor 
cau  the  coiitemporaiieoua  twitching  of  the  Kew  magnets  on 
this  latter  occaBion  be  regarded  as  accidental,  any  more  than 
the  sudden  small  diflturhance  of  all  three  magnetic  elements 
which  aoi^ompanied  an  authiirat  of  ra<;u]ou9  light  on  17th 
June  1S9L'  The  magnetic  turmoil  raised  by  the  transit  of 
the  enoimoue  spot  of  February  1892  was  e^cccptionallr 
violent  Eartli -currents  seriously  interfered  with  t^lephotuL 
and  telegraphic  oommunication  in  all  parts  of  our  buBy 
world ; '  the  nei^dlea  at  Greenwich  went  contp  1et4>]y  off  tbt 
prepared  track  of  pbatagraphiL-.  registration^^  and  au  auroral 
pQgeanb  completed  the  programme  of  reaponse.  Similar  con- 
currences were  obeerv-ed  in  Pebruary  1894,  September  1896. 
and  March  1898r  to  mention  a  few  out  of  a  multitiide  of 
eases.  Yet  the  eympatbetic  connection  is  not  invariably 
manifest  A  hole  in  the  sun  may  evoke  no  earth -tronble. 
Ur  Mriimder  hence  concludes  that ''  tboagb  euu-^)ot>s  are  the 
pflrticular  eoliU'  phenomenon  moat  easily  observed,  we  muat 
not  therefore  infer  that  their  nnmber  and  extent  afford  the 
truest  indication  of  the  changes  in  the  solar  activity  which 
produce  the  pei-turbationa  we  remark  in  our  magnetic 
needles.*"^ 

Not  the  spot  itself,  bub  the  connaBcenb  agibttiou  thrills  the 
terrestrial  organiQUL  Quiet  formations  pose  unheeded  ;  crises 
of  growth  or  reconstruction  meet  with  instant  tejoinders. 
Tacchini**  accordingly  holda  that  ck-romospkerie,  not  photo- 
spheric  phenomena  are,  in  this  roBpect,  truly  influential,  and 
tiuit  it  lA  to  thti  fiuri^  dame-rushes  above  spot^  tliab  tlie 
magnetic  nerve-system  is  sensitive.  The  view  is  favoured 
with  eome  hesitancy  by  Professor  HaleJ  Professor  Bigelow. 
result  of  much  suggestive  inquiry,  aHums  that  "  fri>m 


•  ObmnMorv.  vol  xiv.  p-  B28.  ■  Thi<L  toI.  it.  p.  US, 

*  Uiundcr,  ^jtffKiedffB^  to],  jtt-  p-  SB-  '  If/id,  \i.  ftS- 

•  AttT.  and  jlitrDj-Ajftif$,  vol.  ri.  ]>.  4^7.  '  I&lH.  p.  925 
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the  eim  to  the  earth  come  two  great  Auppliefi  of  energy,  both 
types  of  radiation  through  the  ether  " — one  propngated  by 
plane  ffu.ves,  the  olLer  bj  vortical  rotation — "and  poBseeaiog 
very  different  propartioa,  the  one  viaihie  to  the  eye,  the  other 
visible  to  magnetic  perueivere."  And  he  computee,  Ixom 
varioua  indicatioDA,  a  vatne  for  tbe  normal  magnetism  of  the 
Hun  about  uiie-fifth  the  maxiinimi  of  i^teel,  which  may^  at 
epochs  of  extraordinary  disturbance,  be  augmented  fifty-fold,' 

Vai'iutiooB  in  tbe  sun'^  electrical  atate  assuredly  accompany 
hifl  more  obvious  cyclical  clianges.  "  Muy  not,"  Dr>  Schuster 
asks'  "the  periodicity  of  ann-fipota  aud  tbe  connection  be- 
tween two  Bucb  dissimilar  ph&nomenit  as  epots  on  the  sun  and 
magnetite  djaturbances  on  the  eartli,  be  due  to  a  periodically 
recurring  increase  in  the  eleobric  conductivity  of  the  partfi  of 
space  Burroimding  the  sun  ?  " 

The  Burmified  alteration  may  be  &  eonncqnence,  it  can 
hardly  be  the  cause  of  solar  periodicity.  Ita  actual  oecur- 
reoce,  however,  is  far  from  unlikely.  Certain  eometary 
phenomBna  lend  it  a  qualified  support.  The  grouping 
tugetber  near  auu-spot  maxima  and  minima  reH[>ectively,  of 
the  bright  and  faint  apparitions  of  Kncke's  comet  during 
a  century  (178(i-18ti5)^  forced  iteelf  upon  M.  Berberich'a 
attention  in  1388."  CorreBpoudenceB  of  this  Tinerpectod  form 
were  even  traceable  with  displaced  epochs  of  activity,  such  aa 
the  retarded  maximum  of  1T8S,  and  the  premature  maximum 
uf  1337.  Some  iudications  were  besidea  gathered  that 
comet -diBcovericJ:^  become  more  numerous  as  the  tide  of  solar 
energy  rises,  many  that  would  otherwise  paBe  uuflaen  being 
lifted  into  visibility  by  acceaaea  of  traaamilled  exoitement. 
But  this  relation,  M.  Berberich  admitted,  might  be  more 
Hjiparent  tTiaii  real. 

One  atill  more  recondite  and  unaccountable  has  been  lately 
advert^  to  ly  Mr.  J.  Hulm.*  He  contends  that  the  physical 
condition  of  the  sun  reacte  perceptibly  on  the  motion  of  the 
earth.  Variations  in  ita  orbital  elements,  which  have  hitherto 
baffled  att«mpt»  at  explanation  on  gravitational  principled,  are 
comprised,  he  fiuds,  within  the  "great"  spot  period  of  about 

»  Adr.  and  Ad'-tifAyif^,  voL  lii.  p.  717.  *  Rtpnri  BriL  Aa.  13B2,  p.  034, 

'  Aitr,  N/Kh-  KoA.  2833,  2837* 

*  iTodhfTi  Tot.  hX.  p,  445 ;  rol  liii  p.  400 ;  Ajir.  S'aeh.  Ko.  a6lfi. 
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8utLy-6vt!  y(^Ar&  TLc  obliquity  uf  the  et^liptie,  for  iiiatauce, 
iDstead  of  iiocreaaing  uniforiQly  with  the  time,  shows  subordi- 
nate ductutitioEis  sjuchronising  frith  the  long  waves  of  aolar 
activity^  Its  aliorter  waves,  on  the  othei'  hand,  prove  to  be 
infiaential  upon  the  variation  of  latituda  Mr.  Hahu  ccusiders 
chat  the  deviatiauB  of  the  ttTTRatrLul  pole  oonform  unntistak- 
ablj  to  the  eleven-jear  eycle,  vvitli,  however,  a  lag  of  about 
one  and  a  half  yeoie  in  the  oorrespouding  epocbe.  ^  It 
may,"  he  writon,  "  be  taken  to  be  cleurLy  established  that  the 
radjufi  of  the  eirclo  described  by  the  polo  of  iuBtactaneouG 
rotutiou  ia  greatest  at  times  of  sun-apot  miniiaa,  and  smallest 
at  tiniaa  of  manimum  dwplay**  of  nokr  apoU?,"  This  "  holds 
true,"  he  adds,  "for  t!ie  whole  interval  of  about  sixty  years 
now  covered  by  Di\  Chandler's  inveatigatloUB,"  Hia  ex- 
planatory hypotbesia  ia  both  simple  and  logeniona^  It  depeoda 
upoD  the  large  inclination  of  the  earth's  magnetic  axis  to  its 
axis  of  ligur*^,  crombioed  with  alteraticns,  due  to  solar  induence, 
in  the  total  magTit^tiAni  cf  oar  planet,  Moleciilar  Htraina 
along  the  nu^,'uutic  axia  would — it  is  phmsibly  oaaumed — 
occasion  bodily  difltortiona  of  the  gloU^,  whence  aliould  result 
displacements  of  the  axis  of  figure  relative  to  the  axis  of 
rotation.  '*  The  outcome  of  this  hypotheais  would  "  then  "  be 
that  changes  in  the  state  of  solar  a<jtivity,  aince  they  pj'oduee 
a  ineaitui'^ble  elfect  uu  the  terrdstrial  magnBtii^  forces,  should 
also  be  jic^ouipauied  by  coiTfiOponding  cliangea  in  the  motion 
of  the  earth's  axis." 

The  machinery  by  which  electromagnetic  impulsea  are 
propagated  from  th&  sun  to  the  earth,  completQl/  evades 
scrutiny.  Sundiy  conjectures  on  tlie  subject  have  been 
hazarded,  hut  none  of  them  re«t  oo  any  sure  baiiU.  What  we 
know  about  modes  of  CDmmmiication  is  chiefly  negative.  Thus. 
Hertzian  vibrations  are  not  transmitted  to  the  earth  with 
sunlight.  They  do  aot>  at  least,  reach  its  surface.  Wilsing 
and  Scheiner  tried  for  them  in  vain  with  an  electric  ''bridge" 
and  a  galvanometer*  They  might,  indeed,  as  the  experi' 
m^nters  noted,  be  atiugspheri[^lly  JtrreHted.  All  that  Hfiems 
certain  is  that  direct  magnetic  action  ia  concerned  in  pro* 
ducing  the  obacrvE^d  perturbations  of  the  terrestrial  magnetic 
(system,  which  are  not  exptiuable  lilce  ordinary  metoorological 
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pheoomena  he  efikite  of  tliermal  vieiftHitudUB,  or  (invective 
air  currentfi.^  Tliej  ataud  apart,  ^iid  imply  epecial  ^^uditioiiH 
which  CHUDOt,  witboul  detriment  to  ecieoce,  be  ignored. 

Little  progrcse  has  been  made  towards  aacertaiuiug  the 
oauae  of  solar  periodicity.  We  are  only  assured  Ibat  it 
ifl  not  imposed  Q-om  witbout,  but  arieea  from  withiD  ;  it 
raflemblHB  a  "frtt,"  rather  than  a  "  for&^d  vibratiun."  ThiH 
concluaiou,  it  is  true.  teudH  to  relegate  the  matter  to  obscurity  ; 
for  the  interior  of  the  buu  is  a  terras  incotfTiitti,  and  seemB 
likely  to  remain  ao.  Hia  cyclical  changes  may  belong  to  his 
ori^^al  conatitutioD ;  they  may  date  &om  nebular  IkaeSt  and 
be  as  inherent  us  the  tone  of  a  bell.  Or  they  may  simply 
cliaracteriHe  a  stage  of  growth,  and  prove  liable  to  iiiodifitation 
and  elfacenient.  Tlie  study  of  variable  wuurt  will  perhaps  help 
to  guide  GUI  ideas  as  to  the  probabilities  of  the  case. 

Its  full  bearings,  meanwhile,  can  only  be  conjectured. 
The  ecope  of  the  disturbance  aoede  to  be  defined  There  are 
Btill  many  open  questions  connecied  with  it.  Does  the 
*' emoke-veil ''  absorption  vary  with  the  abnndance  of  spots? 
Are  tlie  t*imperature  of  the  photosphere,  and  the  depth  of  the 
chromosphere  affected  by  it  ?  Can  periodical  changes  of 
pressure  in  the  reversing  layer  be  detected  ?  Theaa  are 
among  the  problems  of  the  immediate  future.  They  are 
already  within  reach  of  attack. 

■  Blgelov,  K^poTt  m  Solar  and  Terratriai  Matfruti^i,  p.  IB. 
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TKZ   HVa    AS  A    WEOLE, 


MoDEitN  science  contemplatea  in  the  Bun  n  huge  fiphert^ 
867,000  miles  In  diameter  Lounded  by  a  dazzling  doud-Bhel], 
nad  compoaed  of  materially  1~4  time?  heavier  than  water^  yet 
Eieated  so  fat  above  the  "  critioil  temperature"  of  anj  tenetv- 
Iriui  Bubstanee,  that  they  must  be  regarded  ae  in  the  gaeeouB 
state.  The  imperiotu  demauds  of  radiative  emiBsion  can  lye 
met  only  by  rapid  exchangee,  implyiug  the  unceaamg  activity 
of  a  hyHteni  of  profound  vertitail  currenta :  while  rotational 
^orface-drifts  of  a  peculiuj'  kind  notify  complex! tiea  of  iiitenial 
movetneDt  defying  speculation  or  research.  Incidental  to 
them,  doubtlc^,  are  the  dark  spotei  marring,  at  timee,  the 
brightne&s  of  the  disc,  and  giving  evidence,  by  their  more  or 
leae  copioua  occurrence*  of  that  fsr-reaching  periodicity  which 
may  be  caLtid  the  centTS,!  fact  in  solar  phy8ic».  Spots  are 
g^landed  with  facula;*  which  represent  photoepheric  upheavals  ; 
and  above  them,  to  a  height  of  Bome  hundreds  of  miles,  rise 
the  metallic  vapours  producing,  by  their  abBorption,  the 
Fraunhofer  linsa  The  i^veimng  BtratA  seem  to  be  continuous 
with  the  eliromosphere,  although  tbe  nearly  perfect  trans- 
purency  of  thi^  latter  ^ftablif^hes  a  noteworthy  diBtluctioii 
between  the  two  fonnationa ;  bat  the  corona  13  a  thing  by 
itself,  sharply  aeparabtnl,  pbyaicfllly  and  spectroacopicaJly,  fron^ 
every  other  &ppond4ige  of  the  auc.  It  has,  of  course,  relatione 
with  tbemi  just  as  our  air  has  with  the  oceau  it  Eunnounts — 
relationn,  however,  that  do  not  even  verge  tovrarde  a  confuaion 
of  j  den  tit  J. 

The  two  fuadamental  problems  connected  witli  the  nature 
of  the  mm  are  ita  rotation  and  ita  periodioity.     They  may  be 
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quite  cLofiely  allied*  and  in  regard  to  both, "  coiui£elB  of  despair  " 
Lave  began  to  prevail.  The  Bpot-eycle,  like  "  Carrington'fl 
law/*  is  set  down  as  a  congeiiit.al  peouliarity,  and  the  miats  of 
the  past  iLie  hivoked  to  uover  ihe  ]>erpLexities  of  the  present. 
There  seems  little  immediate  prospect  of  their  being  removed. 
Earlj  modes  of  investigating  tlie  subject  have  had  no  striking 
sucoBBB,  and  troah  ones  uwail  development.  So  cperalions  have 
ooma  to  a  pause,  yet  by  no  means  to  a  dead-lockn  The  diffi- 
culty of  learning  how  the  phenomena  are  occasioned  should 
only  AtimulaU^  diligeace  in  unmasking  and  tabulHtlng  them. 
The  ramificationa  of  the  period  oaa  be  followed  out,  even  if  we 
cannot  get  at  itn  roota,  and  there  are  signs  that  they  will  be 
found  to  take  unlooked-for  directions.  Similarly  ae  regards 
the  sun's  rotation.  Explanatory  hypotheses  avail  little,  but 
the  sifting  of  facts  avails  much.  The  case  has  not  yet  been 
fully  flUtted.  Lacimw  need  to  be  filled  up,  anomalies  to  be 
smoothed  away,  errors  to  be  corrected^  In  the  doing  of  all 
thia,  a  clue  to  the  labyrinth  may  present  itetdf. 

The  nature  of  euu-epots  must  long  bo  under  diecuBsion. 
QuQStiooa  of  extreme  interest  are  involved,  some  of  tbem  being 
visibly  aTigi/jerabU,  since  criteria  are  at  hand  to  determine 
wliii^h  way  the  truth  liea.  DiBcrimi native,  rather  than 
numeroua  obaervationa  will  serve  the  purpose-  The  relations 
of  fooLtljc  with  promincncea  oiTcr  another  promising  topic  of 
inquiry,  aa  well  as  those  of  prominencea  with  coronal  atreamera 
Bat  this  last  ia  an  eclipse-problem,  and  so,  unluckily,  U  at 
preeent  the  entire  subject  of  the  corona,  No  piiins,  however, 
will  be  spared  in  order  to  bring  to  bear  upon  it  the  fulj  resourcea 
of  daylight  investigation.  Aa  to  whether  they  will  be  re- 
worded or  no,  the  balance  of  forecast  swings  pretty  even. 
The  unfolding  of  some  condition,  now  hidden,  may  incline  it 
either  way- 
Solar  spaitroftcopy  presents  a  variety  of  aspects.  It  can 
be  studied  from  the  chemical,  thermal,  electrical  point  of  view  ; 
pressure,  density,  motion,  possibly  magnetic  streas,  are  con- 
cerned in  it,  N^othiug  in  this  branch,  however,  is  more 
instructive  than  the  spectral  diversities  of  the  various  solar 
formatiouH,  or  even  of  different  parts  of  the  same  formation. 
ThuB  each  section,  some  few  miles  thick,  of  the  reversing 
layer  is  probably  distinguished  by  emissive  modifications ;  and 
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the  Fraunhofer  Hpectruiu  iutegratan  the  abaGrptioii  of  them 
alL  The  spot-apectruin  is  a  more  proEounced  variety ;  the 
chromoepherio  spectrum  is  largely,  the  coronal  epoctrum,  wholly 
peculiar.  Now  the  task  of  ittterpreting  these  several  scripts 
is  Dot — could  not  be — n^y,  yet  nolar  uhemiBtry  ie,  Iq  the 
main,  less  ucfamiliftr  than  might  have  been  exp^K^tnl-  It 
infiludea  only  one  iilemeut — t'uronium — ^thut  uau  be  dearly 
diatinguiahed  aa  terrestrially  unknown.  For  nmdentitiod 
linea  are  not  acceaaarily  of  exotic  origin,  as  is  proved  by  the 
rapid  proj^ress  of  tbeir  recognition  in  the  Fraunhofer  spectrum 
pari  passu  with  advances  in  the  photographic  r^gietry  of 
uieballic  apet-'tra,  Nur  is  it  probalili;  that  spot-cavitin^  harbour 
strange  forms  of  matter.  The  vapori^^ation  id  them  of  rare 
metals  sufficiently  explains  what  long  appeared  eoigmatical 
in  their  absoi-ptive  action. 

Wjth  the  substitution  of  known  for  unknown  substancee 
in  the  aun^  a  leading  argument  for  diseociation  vanished  In 
this  view,  tlm  BupramimdAne  npeciea  giving  lines  experi- 
mentally unre(x>rded  were  eliemiud  fragments  of  our  elemcnta 
broken  up  by  enonnoue  heat.  But  if  no  aupramundane 
Hpeciea  eiint,  the  elemcnte  jn-esumably  remain  intaet. 
Absolute  stability  it  would  indeed  be  estremely  raah  to 
ascribe  to  them;  yet  it  is  certain  that  their  individuality 
survives  fierce  onleala.  Evidecre  of  other  kinds  teuda  towards 
the  same  coucluaiou.  Mr.  Jewell's  critical  examination  of  the 
Fraunhofer  raja  indicated  for  the  shadings  attached  bo  certain 
iron  and  calcium  lines  on  origiu  quite  cloee  to  the  pbotosphero.' 
Thie  goes  fat  towards  democstrating  the  integrity  of  extremely 
complex  molecules  at  the  highest  temperature  prevailing  near 
the  HuiL  Ontbuistfl  of  heat  from  the  interior  there  may  be, 
reaching  a  still  more  exalted  pitchy  but  they  must  be  tranei- 
toiy,  fiince  cooltng  by  expansion  shoidd  promptly  and  potently 
affect  them.  Further,  the  thermal  relations  cf  the  terrestrial 
elements  are  distinctive  and  uniform.  If  tht'fte  Ixxlies  are  not 
really  simple,  they  are  at  least  compmtuds  of  a  diffen^ub  order 
Irom  those  known  to  be  such,  and  artificially  producible. 
Finally,  the  exteasive  detection  of  spectral  aeries  invalidated 
the  "  one  litie,  one  element"  principle  which  underlies  moBt 
of  the  arguments  for  dissociation.     Unity  of  origin  is  emphatic- 
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My  ckimed,  not  only  by  each  Gcrms,  but;  by  each  connected 
bgI  of  Beriefi.  Eesearcties  into  the  essential  nature  of  mattei' 
have,  however,  onttred  iipon  a  new  phase  through  the  aid  of 
what  we  [nuy  cell  electrii^al  aualyBiB,  in  which  "  ioiLtt "  play  the 
port  of  atoms  in  chemical  analyais ;  and  their  outcome  may 
perhaps  aid  in  the  Bolutioii  of  many  Intricate  aolar  problems^ 

There  is  a  strong  temptation  to  tranefex  to  the  bud  the 
conditions  prevailing  on  the  earth,  and  to  model  solar  upon 
terrestrial  meteorology.  This  was  the  line  taken  by  M.  Egon 
von  Op]>olzer  in  189;^.  He  admiM,ed,  indeed,  that  it  traverpeil 
dangerous  ground,  in  view  of  the  wide  divergences  of  opinioii 
aa  to  the  nature  of  atmoapheric  proceasee  belonging  bo  imme- 
diate and  everyday  experiencG.  Still  he  judged  it  safo  to  apply 
the  kinetic  theory  of  gasee  and  the  dynamical  theory  of  heat 
to  the  determination  of  the  EUt<?  of  equilibrium  in  the  sun's 
aerial  appeuda^op.  The  reaulta  were  scarcely  enconragiDg. 
At  elevations  of  one  eeccnd  of  arc,  or  450  mileSn  above  the 
photosphere,  the  prevalent  temperature  waa  found  to  be 
141000"^  0.  lower  Ihaa  at  tte  surfoeOj  which  should  houco  be 
extravagantly  hot.  And  although  this  inconvenience  was 
abated  hy  forced  essumpticna,  it  could  not,  on  the  principles 
adopted,  be  removed.  Thoy  involved,  for  example,  a  rise  of 
temperature  in  downward  currents  to  the  extent  of  at  least 
5000°  for  each  descent  of  450  miles.  Spots  were  regarded 
as  *'plaoefl  of  extreme  alternations  of  tomperalure,"  *  where 
abnormally  hot  layere  cover  anticycLonic  regions  of  increafled 
preaaiire  aud  reduced  thermal  excitement  They  are  "  produced 
indirectly  through  a  sinking  down  of  masneH  upon  the  photo- 
aphere,  and  directly  througli  extraordinary  radiation,  brought 
about  hy  transparency  of  the  overlying  region."  To  counter- 
balance deBOending  movements  in  the  spot-zonee,  a  continuous 
uprising  of  heated  matter  was  supposed  to  progress  at  the  poles, 
con^titiited  so  far  the  analogues  of  our  eijuatorial  belt  of  calma. 
Two  great  permanent  cyclonea  were  thus  centred  on  the  axis 
of  the  sun.  They  had  important  functions  assigned  to  them. 
Upon  their  regulative  power  was  mode  to  depend  the  working 
of  the  entire  machine,  and  solar  periodicity  itself  waa  referred 
to  the  sltemate  relaxation  and  enhancement  of  their  at'tivity. 
They  were,  nevertheleaa,  a  piu^ely  arbitrary  creation.     Not  ao 

'  Adr.  end  Artroyhytic>t  vol.  xii.  p.  740. 
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much   sA   a.  tortoUb  in   rnitl-air   was  provided   for   the  earths 

bearing  elephaut  lo  stand  upou.  The  author  ckimed,  it  in 
true,  only  the  merit  of  aimplitication ;  yet  the  contrast  of 
i^nditiona  between  the  earth  and  the  Bun  largely  vitiated 
his  rooBonings,  AtmoKpherie  circuIaticD  on  the  onrth  ib 
maintained  by  external  heat ;  agitatioTifl  on  the  snn  by 
internal  heat;  they  depend  absolutely  upon  proc«wee  of  cool- 
ing. Hence  the  imposaibilitj  of  aaeimilation.  Trade  winUa 
and  cyclones  lock  in  the  sun  the  driving  power  by  which 
thoy  are  kept  going  on  the  earth.  They  are  cLarocteriatic  of 
a  planetary  body — of  a  globe  mtalised  from  without 

Eruptive  hypotheHGH  of  the  Holar  ronntitution  have  been 
proposed  under  various  tbrms  by  a  HUixesaion  of  writera — 
by  SeccKi,  Faye,  Lockyer.  Schaeberle,^  Young,^  Sidgreavea,' 
Here,  at  any  rate,  we  are  in  touch  with  reality.  Volcanic 
fotcee  are  powerful  in  the  sun,  which  might,  in  a  sense,  be 
described  as  organised  upon  a  volcanic  basis.  The  conditiona 
of  upheaval  are  everywhere  at  hand ;  only  some  casual  relief 
of  pressure,  or  acccBs  of  beat  it*  needed  to  provoke  an  actual 
explosion.  Settling  down  on  the  photoopbere  in  a  cooled, 
though  atiil  gaseous  state*  the  products  of  eruption  would  then 
give  riee  to  apot-pheuomena.  Dark  patches  would  maik  the 
tfteta  of  their  gensral  and  special  absorption  of  light,  while 
faculie  and  flaraea  ftttflftt»*d  the  veheraen<?e  both  of  the  original 
outbut^te,  and  of  thoae  reactively  atarted  by  their  partial 
Bubaidence.  Procedurea  of  this  kind  ou  the  e^uu  appear  in- 
i-vitable;  they  at  leaat  count  for  something,  if  they  do  not 
explain  everj-thing. 

A  corioufily  aubverflive  theory  in  aolar  physics  was  pro- 
pounded in  1891  by  Dr.  August  Schmidt,^  Tta  interest,  how- 
ever,  i*  largely  a(;adeEuic.  Yet  it  ia  no  illusory  jipesiulatiou. 
It  rests  upon  a  sound  foundation,  and  emphaaiaea  an  undeniable 
truth.  The  modo  of  action  brought  into  prominence  by  it 
neoesBanly  plays  a  part  in  modifying  the  aspect  of  the  heavenly 
bodies;  the  onJy  question  open  is  whether  the  port  is  con^ 
spicuous  or  inaigniticant^ 

The  laws  of  atmoapheric  refraction  were  traced  to  their 

t  Jttr,  tutd  AHtVffki/siit.  *ol.  JuiL  p.  9TS.  ^  7^  Sun,  ji.  1S7. 

"  Aglr.  Hf^  Aatrt/pAywic4.  vol,  xn-  p,  833. 

*  Dig  AniA^rttfccAuifi  a^fder  Sbrttic,  Statlfiut,  1091, 


16S 


PROBLEMS  IN  ASTROPHYSICS 


oltiiDate  coiiBeqiiGnoe&  by  Kummer  in  I860.'  Some  of  them 
are  remarkable. 

Ttie  visual  lifting  of  t-stru-terreaLrial  objects  reEultti,  as  ia 
farailiarl/  known,  Ixoiu  the  inflected  character  of  Lhe  paths 
pureued  by  light-raye  through  our  ivir.  A  beam  reaching  a 
apectator  at  aea-level  from  a  Lomontai  direction  is  realJy  beat 
upward  with  a  curvature  one-aeventli  that  of  the  earth  itself. 
But  on  H  globe  of  seven  times  the  earth's  radius — other  IbingB 
reraainiug  the  aaine — the  refracted  raj  would  poftrtefis  identi- 
c&Ily  the  curvature  of  its  surface,  to  which  it  would  accordingly 
mn  parallel  for  ever,  or  until  extinguished  by  absorption^  It 
would  never  reach  the  eye  of  a  epectator.  **  Circular  refrac- 
tion "  would  take  effect  upon  it.  A  aim  liar  fate  would  befall 
a  ray  starting  horizontally  from  the  surface  towards  outer 
space,  instead  of  attaining  to  which,  it  should  folluw  an  unend- 
ing round  within  the  air.  On  Jupiter,  this  critical  etage  must 
be  considerably  overpassed,  From  a  Jovian  atmosphere  of 
the  proportionate  mass  of  the  earth's,  light  could  only  escape 
at  angles  of  eldvatton  exceeding  3""  22'.^ 

Applying  his  fomiulie  to  the  sun,  Schmidt  found  that 
circular  refraction  would  there  be  produced  in  a  hydrogeu 
atmosphere  at  a  temperature  of  10,000"  C.  and  of  one- 
ninth  the  standard  density  of  air.  The  upshot  w&a  to 
"explain  away"  most  of  the  solar  appendagea  The  photo- 
sphere he  showed  to  be  an  optical  illusion,  arising  at  the 
Biirfact  where  circular  refrnctioii  just  taiinea  into  operation  in 
au  incandescent  gaseous  globe  diffusing  unifonidy  outward. 
The  difficulty  waa  thiia  overcome  of  accounting  for  the  visibly 
abarp  aeparation  between  the  dense  body  of  the  8im  and  its 
tenuous  surroundings ,  while  a  phantasmagoria  of  granuleBj 
epotSj  fames,  and  faculic  waa  easily  evoked  on  the  supposition 
of  irregular  refractions  within  the  e^eming  disc.^  To  tliia 
dubious  locality,  the  reversing  layer,  too,  was  ti'auBfcrred  by 
Dr,  Knopf  of  Jena,  who  bailed  the  speculation  as  the  dawn  of 
a  new  era  in  solar  phyeicA  Hence,  oppoHite  dieplacenienta 
of  the  Fraunhofer  lines  cannot  b^  a  rotational  eflectj  aud  the 
singular  accordance  of  what  they  should  be  on  that  supposition 
with  the  measures  actually  obtained,  is  the  outcome  of  pure 

^  UonaiibfridUr,  Berlin,  ISttO,  p.  40fi. 
■  Knftpf,  Atlr.  JVofA.  Ho.  3]»^.  ■  Siriivi,  1^03,  p.  174. 
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accident.  But  thie  ia  extravagant  and  untbiokablo— »  ftdvctio 
Ad  absurdum  of  the  optically  compoBed  auu.  Plainly,  tbe 
whole  theory  is  in  the  air.  Its  leaeoaiogs,  to  lie  eitre,  are 
mathematicRllj'  valid;  but  they  refer,  aa  Dr.  Seeliger  haa 
pointed  out,^  to  an  ideally  transparent  globfi.  from  which  the 
absorptiTe  effects,  prominent  in  the  sun,  are  abaeuL  The  eolar 
epectruni,  beaideB,  faild  to  be  accounted  For  by  them  ''on  the 
■ocepted  prineiplcB  of  phyaics,''^  Nor  can  practised  obeerverti 
of  the  Bolar  enrface  readily  be  pereuaded  that  tbey  have 
watched,  not  realities,  but  mirage-effects.  Id  dismisfiing  tbe 
hypotheeia  as  untenable,  the  important  inferenw  whh,  bowevBr, 
retained  by  Professor  Froet  "that  refraction  within  and  on  the 
quu  itself  may  modify  in  dome  coaaider&blo  degree"  observed 
phenomena. 

An  ingenious  corollary  has  bwn  added  to  Schmidt's 
theory  by  M.  Julius  of  Amsterdam^  It  waw  suggested  by 
certain  auonialisH  in  the  diHpersIve  action  of  sodium -vapour 
upon  light,  noticed  by  Bectjuerel,  and  confirmed  by  hiuifelf. 
They  led  him  far.  He  wji-s  conducted  by  them  to  optical 
explanations  of  tho  *'  Hash  "  spectrum,  of  the  broadening  of  lines 
in  sun-spot  Hpt^ctra,  and  of  lin^-displacements,  usually  inter- 
preted on  Doppler's  principle.  They  are,  however,  given  under 
reserve,  and  vui  be  test^  by  comparing  the  lines  affected  iu 
the  eun  with  those  in  the  vicinity  of  which  special  refraction 
is  exerted.  This  is  a  laboratory  task,  which  M.  Jnlius  himself 
is  well  qualihtid  to  discharge.  Should  the  provifiionally' 
usnmed  eorrespondeaces  be  found  to  subsist,  the  arguments 
for  the  pbantasmic  character  of  solar  appnrtenaucep  will 
[have  gained  impoHing  atrength^  But  such  a  result  cannot 
Teoaonably  be  anticipated.  Refraction  on  tbe  Bun  is  likely, 
owing  to  the  extreme  rarity  of  the  mediimj  in  which  it 
should  take  place,  to  be  of  evane-scent  effect.  Only  in  spot- 
oftTitieB,  it  may  perceptibly  af^'ect  appsaranuea.  Tbe  entire 
matter,  nevertheless,  dpserve-R  to  b^  thoroughly  lifted,  and 
cannot  in  future  \ie  forgotten  or  ignored. 

Here  again  a  fresh  prospect  is  opening  into  view,  and  many 
othere  invite  exploration  by  di^cult  and  devious  routes.  For 
Aolar  Boienee  does  not  become   less  arduouR  as  it  advancofi. 

^  jiar.  JVflA  Ko.  ai«T-  '  FtMt,  Aatfufih.  Jmm.  va\.  ir.  |>.  Iflfi. 

"  JW,  val  >ii.  p.  185. 
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One  of  the  eoreet  marks  of  progresB  in  any  branch  is,  indeed, 
the  development  of  new  and  unforeeeen  probleme.  And  the 
eon,  ua  we  have  learned  by  degrees  to  reoogniBe,  is  a  body 
organised  in  too  complex  a  method  for  easy  apprehension.  We 
perceive  that  ita  enei^es  are  specially  directed;  the  purpose 
of  the  machine  ie  obvious,  and  it  is  admirably  fulfilled.  In 
part  we  can  see  how,  but  much  remaina  mysteriooa  Bight  to 
the  core  of  the  myateiy  we  may  never  penetrate ;  nature  is 
virtually  invincible  by  man ;  but  in  urging  our  way  forward, 
we  shall  gain  continually  larger  and  more  lucid  views. 


PART  IL 
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CHAPTER   L 


PBOGRKSe    OF   SJDEftKA-L    PHYSICS, 


Sl£)£R&AL  pbysicfl  includes  etelUr  and  nebular  physics;  the 
two  bmuches  cannot  k>e  separated^  Thej  b^ye  interlacing 
ofiehootSj  and  progr-eaa  during  the  last  hundred  jrearb  hae 
tended  more  and  more  to  unite  them  in  one  main  ai^m. 
QbjactH  closely  akin  are  dealt  with  in  both,  Jind  they  are 
dealt  with  by  methodn  HubBtantially  the  same,  Star»  and 
nebulae  are  not  only  related  as  fellow-meaiberB  of  the  grand 
galactic  eystcm.  but  they  coexist  in  nuineroiie  eky  regionfi, 
And  often  in  fiuch  close  connection  that  it  is  difficult  to  define 
them  apart.  A  nebula  with  a  stellar  nucleus  can  ecarcelj  be 
distinguinhed  from  a  nebulous  star,  and  nebulie  altogether 
devoid  of  Htar-llke  coadenBaLions  *ire  perhap  nonexistent. 
Chetnicol  affinity  ratifies  viaual  conjunction.  Spectroecopic 
claaaification  procceda  from  stars  to  nebulw  with  )»ardly  a 
breaks  The  eBtablishnient  of  un  exceedingly  low  tiLandard  of 
density  for  certain  varieties  of  stars  forges  an  additional  link 
between  the  two  sidereal  orders.  For  it  bttiigs  to  our  oc- 
i^QAinbance  bodies  in  a  LraiiHitiou-atage  from  nebular  difhist- 
ncas  to  aolar  condeneation — bodicn  attracting  feebly  while 
radiating  powerfully.  Variabihty  in  light  is  another  quiilil^', 
the  common  poBaesaion  of  which  by  stare  and  nebulae  has 
recently  been  placed  beyond  doubt;  and  strong  evidence  ie 
furthcouiug  that  binary  Rysteme  ot'caaionally  confliRt  of  a 
stellar  and  a  nebular  ruemlrer,  united  by  origin  and  ineepar- 
able  to  all  time. 

The  methods  of  solnx  and  sidereal  phyaics  do  act  difler 
fundamentaUy ;  all  alike  depend  in  the  main  upon  light- 
:tDA]ydis  and  cbemica!  delineation,  and  resort  to  direct  tele- 
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acopic  observation  only  as  a  aubsidiarj  expedient.  The  aims 
of  aidereal  science  are,  however,  profoundJj  modified  by  the 
ramotenesa  of  the  objects  it  ia  conceroed  with.  Many  kinds 
of  inquiry,  successfully  prosecuted  in  regard  to  the  sun,  are 
impractiuible  for  apptiuaLion  to  sans  deprived  by  disbauce  of 
sensible  dimenaious.  Surface-plieuomeua  are  iu  them  wholly 
out  of  reach,  no  leas  than  the  paraphemdia  that  lend  their 
glory  to  total  cclipeea.  No  star  eeuds  ua  more  than  a  single 
pencil  of  light,  collected  indiscriminalely  from  a  wide  hemi- 
spherical area  to  the  obliteriition  of  its  local  peculiarities. 
Spots,  tiames,  facaltti  (if  such  there  be)  mix  their  rays  in- 
ejttricably  together;  for  stura  Lave  qo  parts.  But  while  their 
distance  narrows  in  some  directions  the  scope  of  possible 
inquiries  oonoeming  them,  their  multitude  immensely  wLdens 
it  in  others,  Th«y  are  not  all  similar,  and  then?  differences 
supply  grounds  for  a  clussificatiou,  the  import  of  whieh 
deepens  with  every  advance  in  physical  knowlsL^ge.  Delicate 
spectral  traits  ^tie  found  to  be  indexes  to  conditions  of 
temperature,  density,  magnetic  strain,  or  electrical  excitatioitf 
in  part  imitable  in  the  laboratory,  in  part  traoeoending,  and 
hence  contributing  to  enlarge  terrestrial  erpericDce,  Classi- 
ficjitior,  moreover,  la  dominated  by  the  idea  of  developmenL 
Comparativa  sidereal  sC^udy  1ead»  inevitably  to  far-reaching 
Bpeculations  on  coemical  growth. 

The  HUH  is  solitary ;  he  exercises  a  "  sole  dominion/'  But  it 
is  not  so  with  all  hia  compeers.  Nor  are  the  mutual  relations 
of  those  linked  together  expressed  solely  in  terms  of  motion. 
They  do  not  fall  within  the  eschisive  eorapeteoce  of  the  mathe- 
matical astronomer.  They  involve  constitutional  modifica- 
tions of  profound  import.  Coupled  stars,  clustered  stars,  stars 
immersed  in  or  attached  to  nebulsB,  are  probably  aubject  to 
influeocee,  the  nature  and  modes  of  action  of  which  remain 
largely  obscure.  Their  investigation  has,  however,  been 
tentatively  set  on  foot,  iind  may  give  results  of  peculiar 
interest  Thus  aidereal  science  l*.\  tends  and  supplements 
6olar  science.  It  assigns  to  the  aun  its  status  in  the  universe  \ 
it  provides  objects  with  which  it  can  be  compared  or  con- 
trasted The  two  modes  of  knowledge  mutually  act  and 
react;  what  one  acquires  the  other  assimilates.  The  progress 
of  each  is,  by  thia  comparative  fLction,  {]uickeDed  and  assured. 
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The  population  of  the  heavens  in  iw  dense  that  general 
conclusions  aa  to  ita  characleristica  can  be  attained  only  by 
etatiatical  mechoda.  And  to  employ  these  e^ectively,  the 
command  of  vast  masses  of  information  ie  required.  Data 
must  accordingly  he  secured  wholesale,  Had  the  neceBBity  baa 
been  met  hy  the  creation  of  a  world-wide  interaationa] 
organisation.  But  iba  mills  grind  slowly,  &nd  indi vidua! 
entciprise  will  not  be  stayed.  Sir  David  Gill  has  alraady 
completed,  in  the  Cape  Dv^chtnustcrung,  a  proliminary  work 
designed  purely  in  the  intereate  of  geometrical  oatronomy,  but 
fniught  witli  importance  to  coamical  phyaica.  Prolessor 
Kapteyn  of  l-eiden,  who  undertook  the  examination  and 
me^isurement  of  the  plates,  detected  relationships  between  the 
kind  of  apectruLci  given  by  the  stpars  imprinted  upon  them 
and  the  mode  of  their  scattering,  which  promise  to  affect  more 
and  more  profoundly  all  future  conceptioua  of  the  univorac- 
Hints  of  their  prevalence  had,  it  ia  true,  been  already  gathered. 
Father  Secchi  noticed  long  ago  that  apectral  types  are  not 
inditfereatly  Jiatributed  over  the  sky,  a  eouHpiuuouft  eianiple 
of  local  preference  being  afToided  by  the  constellation  Orioni 
which  might  be  described  as  a  coIoBeal  group  of  helium  atars. 
The  work  of  Pickering,  MeCleau,  and  others  hae  also  brought 
out  the  facta  that  the  Milky  Way  is  a  distinctive  apectro- 
wopic  region,  and  that  the  stellar  tril*«  in  general  show 
aggregative  tendencies  not  to  be  mistaken.  Astrophysical 
considerations  then  enter  into  diacuaaions  of  celestial  struc- 
ture; ttiey  are  not  wholly  alien  to  questions  oe  to  how  the 
heavettB  move.  The  monumental  "  Draper  Catalogue "  of 
et^Uar  spectra  served  as  the  foundation  of  most  of  lliese 
extensive  rewMm^hesi  and  the  entire  hulk  of  pbotograpbic  Hud 
spectrograph ic  data  collected  at  Harvard  College  with  aHlonish- 
ing  persistence  and  akill  during  tbe  lost  score  of  years, 
has  incalculably  promoted  tbe  larger  interests  of  sidereal 
astronomy. 

Phydcal  snd  descriptive  catalogues  of  nebula  are  still  a 
deal ilera tun L  The  materials  fcjr  their  c^mpilaticiu  are,  iudded. 
lacking^  Comparatively  few  sucli  objects  liave  heeti  examined 
with  the  requiaito  care.  They  are  not  easily  dealt  with. 
Those  of  a  gaseous  nature  are  strongly  characterised  by  rays 
high   up   in    the    ultra-violet,   where  abaorptlou   hy  glass   is 
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formiclably  effoctive.  TboLr  duQ  photographic  regietration  is 
then  fensible  only  by  meanB  of  refiectin^  telescopes  combined 
with  priamfltie  appjiratus  of  crystal  and  rock-aalt.  or  some 
other  muteridls  tninapitrenl  to  the  eliortpeat  wnve-IeLgtha 
But  since  bbesa  special  arrangcmenta  nre  rarely  tnade,  nebular 
apectiograpby  makes  alow  progreaa  Its  condibiona,  in  the 
Cflae  of  "  white  "  nebnltCi  arc  still  more  embarraBeing,  Nor  arc 
they  much  alleviated  by  Bubstitutiug  direct  Tision  for  the 
camera.  All  nebt]][e  are  iDtrinsiciiUy  faint,  and  moet  give 
continuoua  apectra.  A  tjcAnl  supply  of  light  itirU^es,  Jiowever,  a 
much  better  show,  as  can  readily  be  imagined,  when  coo- 
centrated  in  a  few  bright  lines,  thin  when  diaperoed  un- 
iotormptodly  aloDg  the  coJour-ec^le.  To  the  Gy&,  tho  rceiUting 
variegated  streak  is  dim  and  featureless ;  Che  sensitive  plate 
takes  cognisance  of  it  only  under  the  compulsion  of  prolonged 
exi>OMareB,  Hiid  then  imperfectly.  The  task  of  overcomin^j 
theae  obatocled  is  arduous,  yeb  far  &om  hopaleos.  It  haa 
been  taken  in  hand,  and  on  the  Bucceoa  attending  ita  pro- 
secution tho  future  of  nebular  physias  osRentially  depends. 

The  discovery  of  helium  as  a  terrestrial  element  marked  a 
frosb  point  of  departure  in  the  chemistry  of  the  haavenly 
bodies.  Its  leading  chromospheric  rayj  T)^,  !iad  already  been 
uotad  as  an  emiasioii-Uue  in  the  Orion  nebula  by  Dt.  Oope- 
land,  aa  an  abaorptiou-tine  in  Rigel  by  Professor  Kecler; 
but  tbifi  woe  only  preliminary  to  what  was  to  tbllow  when 
recoguitio D-marks  were  multiplied  by  complete  experimental 
Hcquaintance  with  the  associates  of  the  yellow  beam.  One  of 
these,  a  line  in  the  blue  (\  4472),  is  much  more  conapicuons 
in  stellar  spectra  Llian  XJq,  and  it  waa  established  by  Vogel  in 
1895,  with  other  membciB  of  the  coajoined  series,  as  dis- 
tinctive of  a  large  clasa  of  "helium  stars."'  Some  insight 
was  thus  gained  into  the  exti-aordinaiy  profusion  with  which 
this  atrange  gas,  ho  sparingly  occluded  by  the  earth,  is 
dispensed  to  the  euna  in  space.  In  order  to  show  Hpeetro- 
j^copically,  it  must,  as  already  atated,  be  voluminously 
proaout  in  a  glowijig  atmoaphere.  Its  rays  scarcely  endure 
competition.  Our  sun,  for  example,  although  surrounded  by 
huge  volumes  of  helium,  is  not  a  "  helium  star_"  Pretty  sure 
indicatioHB,  on  the  other  hand,  can  be  gathered  that  helium 
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is  one  of  the  principal  components  of  all  goaeoiut  nebulae ;  at 
it   blazefl   wJiere  stellar  inciwideacente   is  strong — in  "  uew 
stuBr  ill  bright-line  atnXHj  and  in  some  "  long-pi^riod "   vari- 
Ablda,     The  disclosure  of  its  great  i^oemi&tl  r6!o  U  untong  the 
most  impc>rtunt  i^tiseqnenceB  ot  the  modem   aUijtuue   between 
ostroQomy  and  terrestrial  phj^ii^s. 

The  identification  of  qsj^u  uud  nitrogen  aa  stellar  con- 
Rtituonta  by  Mr.  McOloon  and  8ir  William  and  Lady  Hu^ine 
respectively,  and  tUo  detection  of  thi^  "  Pickering  wiriee"  of 
hydrogen  in  certain  Hiata,  are  advances  ol  scurctly  lesa 
uLomunt.  These  unusual  kinda  of  ubeorption  emer^,  as  ■ 
rule,  in  etai^  fihowii^g  helium  as  well,  ciEiil  geuerally  ^^H^uniMi 
to  be  at  an  early  atage  of  growtb.  They  apparently  tend  to 
supersede  metallic  action,  which  becomoe  imperceptible  whea 
the  inchoate  stage  ie  approached.  Thus  the  nebular  eptctruDL 
indudes  no  Uces  of  known  raetala,  and  they  art-  likewise 
apparently  misfiing  frotn  "  Wolf-Rflyet "  atara.  Acquaintance 
with  these  remarkable  objtrta  ha^^  profoundly  altered  the 
views  of  stellar  physicists.  It  lias  introduced  them  to  a 
borderland  where  the  prevalent  conditions  defy  forecast. 
Who,  for  ifiBtancG,  could  have  anticipated  Campbell's  obaenra- 
tions  of  mi^ed  bright  and  dark  spectral  series,  derived  from 
the  same  element,  in  the  same  object  ?  Notliing  could  well 
be  more  (terplexiug :  but  purpleKities  are  often  the  raw  material 
of  dlscoTeriee. 

The  application  of  photography  to  the  examination  of 
"  blaze  stats  "  began  with  the  apparition  of  Nova  Aurtgae  in 
1892,  Opportuuitiea  for  its  continuance  have  since  been 
Frequently  jifTorded,  which  would  prohably  h/tve  slipped  by 
Eiiiused  bub  for  the  automatic  watch  kept  on  the  changes  of 
the  heavens  at  Harvard  College  and  its  douthem  dependency. 
Two  generaliflatious  have  thus  beeu  authorised.  One  is  that 
the  spectra  of  Novae  are  mainly  eompoaed  of  bright  and  dark 
lines  in  pairs,  emanating  from  the  same  substances,  but  pushed 
^Lsuuder  ae  if  by  the  oflect  of  swift  opposite  uiolions.  The 
second  is  that  fading  Novae  put  on  a  nebular  light-vesture. 
Spectroacopiuilly,  they  simulate  minute  "  planebarios."  Those 
surprising  facts  are  aeeda  of  future  knowleflgo;  tbey  ne^Mi 
tiiQ6  to  germinate  B.nd  yield  fruit- 
Stellar  variability  no  longer  remains  outside  the  pale  of 


176 


problem:?^  in  astrophysics 


succesi^ful  t-6Bean;h.  The  ntyetei^  Huironnding  it  has  not,  Lo 
be  Hure,  beeo  di^pjitad  ;  but  ficme  of  ite  atteDda.nt  circuiiL- 
etancQs  huve  become  manifesl.  Eclipeing  atara  are  now  fully 
opeti  tc  i&vt^tigaUou ;  and  although  uot  phjEiically  viiriable, 
they  have  indiaput&ble  conoections  with  atr&rs  th&t  are. 
Fluutuationa  executed  quite  pimetually  in  periode  of  a  few 
dayr*  or  hours  iLiliciite  h  cornptjunil  unture  in  the  objects 
undergoing  them,  even  if  they  cflnnot  be  eKplaioed  aa  occulta- 
tioQ  -  phaaea.  Short -period  vnriflblea,  in  short,  are  non- 
eclipsing  spoctroBCopic  binariefi.  Yet  spectroscopic  binaries, 
indiatinguifihable  from  them  aa  to  their  orbital  conditions, 
shine  with  a  perfectly  steady  lustre.  And  these  ai-e  tbe 
ijiajority-  It  remains  to  W  dier;overed  whiLt  are  the  special 
flttributee  of  the  differentiated  claaBes.  Nor  is  variability 
found  only  ia  conjoined  objects.  Stars  apparently  Hingle  are 
subject  to  Gatremi!^  although  mere  or  less  irregular  viciasitudea, 
The  only  clue  to  the  nature  of  these  vieiesitudeB  yeL  found  is 
th(i  fat^t  that  iitci-uase  of  liglit  Is  ordinal  ily  attended  by  the 
spectroscopic  flashing  out  of  hydrc^en-rajs.  Moreover,  the 
resemblance  of  stellar  light-curves  to  sun-spot  tracings  givee  a 
strong  bint  that  the  solar  analogy  should  be  made  a  ataiting- 
pomt  for  inquiries  into  '*  long-period  "  variability. 

The  branch  of  stellar  astronomy  concerned  with  double 
and  multiple  t^ytttems  gainu  e:cten»[oij  and  Importance  year  by 
year.  Their  evolution  under  the  influence  of  tidal  friction 
has  been  studied  by  Dr.  See.  Sir  William  Huggina's  device 
of  a  slit  with  reflective  jawe  having  facilitated  spectroscopic 
obaervationa  of  close  stars,  the  analysis  of  their  light  has  at 
lost  entered  upon  a  stadium  of  progress ;  apart  from  which 
perennial  obst^iirity  itiuht  have  hung  over  sidereal  dirouKttics, 
and  enveloped  theorieB  of  sidereal  growth.  Spectroscopic 
binaries,  meauwhilej  are  multiplying  on  our  hands,  and  their 
varieties  oEler  a  brilliant  tiold  tor  Investigation.  Their 
periods  range  from  less  than  one  day  up  to  two  years;  some 
revolve  in  subordination  to  larger  combinations;  their  orbits 
are  variously  iiicliued,  and  of  various  degrees  of  ellipticity;  and 
one  of  the  circulating  bodies  iny  more  often  than  not,  sensibly 
devoid  of  light  Tbe  function  and  place  in  creation  of  "  dork 
stars"  have  thiis  oome  into  the  foreground  of  inquiry.  They 
occui'  also  in  telescopic  systems,  where  their  disturbing  power 
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producer  n  Wsible  aw^ayi/ij  in  the  movementa  of  their  bright 
compaiiionai  but  less  ccnunonly.  it  would  eeem,  than  &b  mem- 
bers of  spectroscopic  (couples.  These  aru,  so  to  gpeak,  juaC  out 
of  the  shell ;  hmice  d^rk  ataru  c^llij  hardly  be  f.fleUi  eims, 
although  fiUDs  pTeanmnbly  lapae  with  age  into  obscurity.  TWe 
distinction  ib  a  deLic&t«  one  to  draw,  but  should  not  be  lost 
aigbb  of. 

The  eeope  of  sidereal  research  ie  limitless  —  limitless 
^because  its  objects  are  indefinitely  niiuieroua  The  difficulty 
'li  to  ky  hold  of  them.  Inferences  busul  on  pjirtial  surveys 
are  felt  bo  be  aosatiafiictory.  The  star^depthB  beyond  cou- 
tiaually  invite  farther  and  farther  advances.  Astronomical 
curtoBity  ie  only  temporarily  appe^eed  by  [earning,  for 
ioBtauce,  the  radial  movements  of  a  f^w  score  of  stai-s;  they 
are  wajited  by  the  hundred,  and  when  at  hand  in  hundredSj 
they  will  be  in  dem^tid  by  the  thousaud.  Exhaustive  in- 
quiries, while  remaming  unattainable,  must,  by  the  oatnie  of 
the  catie,  be  perpetually  aimed  at.  And  what  is  primarilj  needed 
for  them  ia  a  plentiful  supply  of  light  Ambition  in  toleecope- 
building  is  then  justifiably  ioBatiate,  nor  has  it,  eo  far,  oTer- 
reached  itself.  Each  addition  to  instrumental  capacity  haa^  on 
the  coutniry,  uotahly  wideunl  the  horizon  of  feji«iljle  research. 
The  erection  of  the  great  Lick  refractor  made  it  posaible  to 
obtain  legible  spectrographs  of  the  Wolf-Hayet  stars,  and  act 
the  nebuLiQ  in  motion  by  enabling  Professor  Ke>e!or  to  deter- 
mine their  radial  velocities.  With  the  Crosaley  reflector, 
mcunied  in  the  same  superb  aiLuatiou,  nebular  photof^r&pby 
mdde  a  fresh  start,  and  the  law  of  spirality,  as  a  structural 
principle,  waa  confirmed  and  geaeroLsed.  Tlie  Yerkes  tele- 
scope has  given  access  to  several  closed  tielda.  By  its  means, 
variable  stars  are  followed  through  their  semi-extLnct  phases. 
Professor  Barcard  bus  performed  the  unique  task  of  verifying 
visually  the  rapid  light-t^hanges  of  the  miiiuLe  components  of 
globular  clusters;  and  Proieasfir  Hale  has  eataiained  Hpectro- 
graphically  a  large  uumber  of  "  carbou  "  stars,  loo  faint  os  well 
aa  too  red  for  aatiafactory  treatment  under  average  circum- 
stancea  with  the  ciunera.  The  completion,  at  the  same 
observatory,  of  a  five-foot  reflector  will  shortly  afford  even 
better  opportunities  for  prosecuting  this  work.  It  may  be 
added   that  a  special   function    in    nebular    inveetigations  is 
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rewired  for  iastrumente  of  abnormally  short  focal  leogtti, 
fluch  aM  the  Me^on  reflector,  in  which  the  rsys  collected  by 
3L  Diirrur  ttiirty-iiine  mdioa  iLcrthu  forxn  an  unti^  At  only  thrive 
that  diatauL:e  from  iL 

Ceuturies.  however,  of  inventioo  and  contrivonce  muat 
elapse  before  the  minuta  plebs  of  the  sky  can  be  individuulieed 
by  the  peculiaritiea  of  their  spectra.  ImlucemeDlB  to  keep  up 
this  atrjiin  of  toil  are  not  wanting.  "A  star's  a  utar  for  a' 
that,"  Hvaa  though  it  lie  beyond  reach  of  human  question- 
ing. To  bring  it  virtually  nearer,  is  the  object  of  perpetual 
efforts.  And  they  aiunot  fail  to  be  rewarded.  NoveJtiaB  in 
the  heavens  are  likely  to  prove  endless  nnd  eurpri^ing.  The 
enticementa  they  offer  to  progreea  are  irresistible.  No 
"imehoT  dropt  at  eve  or  morn"  can  stay  the  ideul  voyage. 
"  "WTifn  a  man  liath  done,  then  shall  he  Ijegiu  "  bis  scrutiny 
into  tbe  works  of  the  Moat  High. 
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VAitions  methods  of  claesificttliou  may  be  aj-jplisd  to  the  atara 
The  most  obrioua  and  the  moat  antiqae  ie  ibab  of  relative 
bngbtnesa.  Fram  of  old  the  eLars  hdve  been  collect^  into 
ruDks  by  '*  magnitude."  Or  the  amount  of  their  ^'  proper 
motioOB  "  TDfLy  be  taken  s.»  the  principle  of  diatinetion.  Within 
(.-eruin  iimita  this  is  pructiuable,  and  for  certain  purposes  it  ia 
uaefiil.  But  apparent  lustre  nnd  projei^ted  mavemect  alilce 
depend  in  part  upon  diatance  ;  they  include  an  extraneous 
element;  &nd  jl atrophy nical  science  considen  the  heavenly 
bodies  in  tbemselvea,  without  regard  to  their  ErpatiaE  relations. 
Hence  an  absolute  quality  must  be  mjide  the  bftflis  of  their 
omDgement,  and  it  ia  found  iu  the  kind  of  light  emana-ting 
from  ihem.  Thie  system  is  of  far  more  tlinD  conventional 
value.  It  affords  the  cjuly  clue  withiQ  reach  to  the  intricaciaa 
of  titellar  conatitution.  Sehemos  of  spectral  cJasfii£uLlio&  may 
be  amonded  and  altered;  but  io  one  form  or  another  they  are 
indiflpeDeable  to  progreea. 

Tbey  naturally  tend  to  become  more  complex  as  factg 
mnUiplj,  and  finer  ebades  of  differBnce  are  rendered  mauifest ; 
yet  Father  Secchi's  four  "  types"  continue  fundament*J.  Ft 
is  well,  then,  to  keep  their  characteristics  steadily  in  mind. 
The  tirst  is  marked  by  etroog  hydrogen  absorptioD.  It  oon- 
lieta  of  radiantly  white  stars.  The  second  by  innumerable 
fine  raetallic  ndings;  thu  sun  is  an  example.  The  third 
type  incluJefl  red  stars  with  banded  spectra  like  AnLai'es,  the 
bands  being  sharply  terminated  towards  the  violet,  difTuae 
towards  the  red.  The  fourth  m  composed  of  doeply- tinted, 
moetly  faint    objects,  showinR  wide    bands    facing    redward, 
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due  to  carbon  abeorptiou.  These  four  groups  form  irremov- 
able laodiaarke;  but  beaide  and  betrwecn  them  msmy  aub- 
ordinate  diviaiona  have  been  pet  up.  Vo^el,  Huggiae, 
McClean  have  all  modified,  while  broadly  adopting  Secchi's 
*'  liiw  of  order,"  Tliey  have,  moreoTer,  regarded  itj  not  as  a 
mere  empirical  formula,  but  ae  prescribed  by  the  neceasity 
conditiOBa  of  development.  Modea  of  ulasaiffing  blie  stars 
have  como  to  be  ei^uivaJent  to  theoriea  of  their  evolution. 
With  this  a3|>ect  of  the  matter,  however,  we  are  not  just  now 
concerned.  The  aiui  of  tlie  present  chapter  is  to  e§tabUsh 
convenient  dititirictioufl  without  regard  to  their  eBsential 
mecUiLuge.  The  uniaVBlmenb  of  these  will  be  attempU^ 
later  on, 

Miss  Maury's  tu-rongement  of  the  Btara^  is  designed  for 
a  life-hiHtory  as  well.  It  is  the  moat  elaborate  yet  put 
forward.  Based  on  the  examination  of  some  4800  Bpeetro- 
graphfl  taken  at  Harvard  Colle^,  it  embraces  681  objects, 
diapoaed  in  a  progressive  aeries  of  twenty-two  groups,  most 
of  whi(^h  are  further  comprised  within  three  collateral  divisions, 
eetablietied  to  meet  the  visible  necessity  for  a  secondary 
characterisation.  The  work  is  a  monument  of  industry  and 
skill,  am!  will  loug  hLild  a  pla^e  of  standard  authority;  but 
the  fine  gradations  it  emphasises,  although  worth  putting  on 
record,  are  scarcely  suitable  for  committing  to  memory.  Our 
objcet  here  is  to  present  large  outlioce,  leaving  minute  shades 
of  difference  to  be  dealt  with  as  occ^LSion  may  arise.  There 
is  dangar  of  stellar  clasai6cation  degenerating  into  a  maze  of 
provisional  dintintiLious.  The  heat  remedy  is  to  fix  nttenlion 
on  the  anmmit'ranges  of  the  kadscape  ;  when  they  are  (clearly 
imprinted  on  the  mind,  mastery  of  detail  can  be  aafeiy  and 
readily  acquiTcd. 

A  framework  of  eight  compartments  aeeommod:ites  practi- 
cally all  the  stars.  The  separation  ia  easy  and  Datural,  and 
the  "notes"  of  the  various  classes  preaeut  themaelven  unmis- 
takably. Tlie  eonatituents  of  the  four  first  show  absorption 
spectra  only;  those  of  the  four  laat  are  marked  by  emission 
as  well  aa  by  absorption.  No  hypothesis  of  growth  or  affinity 
is  implied  by  the  order  of  auceeeaion  given  to  the  bright-line 
objects;   only  the  tnterests  of  clearneas  have  been  coiisxilted 

^  Jlarvard  Junaf*,  vol.  ■Kviii.  part  i  1897. 
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ic  its  choice.      We  will    new  briefly   describe    these  Btellnr 
foniilies^ 

Claas  i. — Hdiuvt  Siara. — In  the  Bpectra  of  these  brilliantly 
white  stars^  abfiorptiou  hy  hydrogen  and  helium  predomiiialea 
The  eomplete  "  Huggins  aeriefl  "  ia  stamped  upon  theni,  from 
ihe  fundamental  C  to  its  "  head  "  in  the  ultra-violet ; '  and  at 
least  twenty-six  of  the  strongest  helium  linea,  culled  impartrially 
trom  aLI  the  six  seri^,  show  conspicuously  hesideB.  In  a  fe^v 
helium  stars,  simpeeted  (if  tiebuUr  relutioQ8hi]>s,  the  "  Piekering 
series'*  of  hydiogen  ie  represented,  while  others  betray  the 
Eu:tiou  of  oxygen,  nitrogen,  and  silicon.  Metallic  linea  are 
faint  and  ocaree  ;  thoee  identified  belong  to  sodium,  iron^ 
caleiutn,  and  magnesium.  EGpecially  remarkable  is  the  com- 
parative prominence  of  the  magnesium  line  X  4481,  to  the 
excluBion  of  the  triplet  h,  which  takes  the  lead,  in  the  Holar 
spectrum.  The  substitution,  fic^^ording  to  many  aulhoritiea,  in- 
dicates cnormoiislietit,  Scheiuer's  criterion  for  high  temperature 
is  precisely  the  development  of  X  4431,  and  Professor  Keelei' 
remarked  that  the  eBacemsnt  of  h  marked  a  stage  of  heat 
beyond  the  possibility  of  artificial  production,^ 

In  these  Ptars  there  iw  almost  no  general  absorption  ;  their 
pholoapheres  are  unctilcd.  Moreover^  thej  seemingly  possess 
reversing  layers  of  very  simple  compoaiticn,  to  which  circum- 
stance their  display  of  helium  may^  with  much  pi'obability,  be 
attributed.  Originally  included  in  S^cchi's  tirsi  type,  they 
were  neparated  from  it  by  Vogel  in  189S,  on  the  identification 
of  their  diatinetire  liue^  witli  those  of  ten^estrlal  helium  -  and 
their  importance  in  the  sidereal  scheme  was  accentuated  by 
McClean'a  spectrographic  researches  in  the  southern  hemi- 
sphere. The  lucid  orba  of  Orion  and  the  swarming  Pleiades 
are  leading  members  of  tha  class,  which  are  also  thickly 
disseminated  in  the  Southern  CrosB,  the  Centaur,  and  the 
Greater  Dog.  Miss  Maury*s  first  six  groups  are  suMivisions 
of  helium  stars,  arranged  in  the  aeflumed  order  of  their 
development  from  a  nebulous  condition. 

We  are  indebted  to  Sir  William  and  Lady  Hugglna  for 
permission  to  reproduce  their  admirable  spectrograph  of  Rigel, 
the  premier  helium    star  (Plftt«  IX-  Fig.  IIL)»  and  to  Sir 

*  a.  A.  Mitirhel!,  AtLru^.  Jtrtiru.  Tul.  i.  p.  32. 
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Uftvid  Gilt  for  that  of  e  Caius  Mujoria  (Plate  X,  ¥ig.  I), 
t&ken  bj  his  asaistanC,  Mr,  Lunt,  who  detect^  many  linea  of 
BilicoB  ami  (jxygKii,  in  a(l<litio!l  to  Strong  holium-abBorption, 
in  the  spectrum  of  this  fitur. 

CJaas  ii. — -Hydn^fftn  Stars. — These  atora  are  distinguiahed 
by  int^^nBe  hydrogen  -  absorption  of  the  ordioary  kindn  tio 
Pi^oriiig  lines  l>tiiiig  present.  Helium -inJliience  oa  their 
light  is  ini]l,  or  barely  poi^ptible.  T^e  ^' H  "  and  "K"  of 
calcium  ttre  ihiu  but,  dr^i^inet,  Feable  iron  lineH  can  be 
Qumeroufily  discerned.  U-eiieral  ubeorptioii  is  flight ,  the 
ultra-TioIot  end  of  the  Bpectiram  lies  open^  impartiiLg  to 
hydrogen  stare  u  bUiiah- white  colour.  Vegu  ia  a  perfet-b 
example;  iU  spectrum,  photographed  by  Sir  William  and  I;idy 
Hn^ginft,  is  ahown  in  Plate  IX.  Fig.  L  The  bl^k  band  (o 
the  right  ia  the  fifth  line  of  hydrogBri  (He),  It  masks  the 
calcium  "B."  \  but  "  K  "  k^^ax^  well  to  tlie  left. 

Hydrogen — sometimes  called  "Sirian"  stars — dbound  ia 
the  heavens.  They  form,  the  main  part  of  Secchi's  lirst  type, 
and  fire  distributed  by  Mins  Maui^y  into  five  groups,  nvuubeted 
vii.  to  xi, 

ClsBH  iii — Sota^  StariL — The  Frdunhofer  ajiectruiu  sets  & 
pattern  copied,  with  slight  variations,  by  the  members  of  this 
claas.  Its  loading  feature  b  the  powerful  doTolopment  of  "  H  " 
and  *'  K,"  Other  metallLc  lines  are  innumerable,  but  moaLly 
sharp  and  thin.  Four  hydrogen  lines  are  normally  preeeiit, 
ultra-violet  members  of  the  series  showing  decisively  only  in 
starr>  Uke  Procy[>D  and  Canoputi,  wbifib  may  be  regarded  lUt 
intermediate  between  thti  Sirian  and  the  solar  claBsea.  A 
yellow  tinge  corroaponds  in  the  latter  to  a  veiling  of  the  blua 
end  of  the  spectrum,  similar  to  that  perceptible  in  the  aun. 
Solar  fltars,  then,  resemble  himj  not  only  in  the  composition  of 
their  reversing  layers,  but  in  the  posse saion  of  "smoty"  envelopes. 
A  spectrograph  of  Areturus  by  Sir  William  and  Lady  Iluggius 
is  Ghown  in  Plate  IX.  Fig.  II.,  and  one  by  Sir  David  Gill  of 
Of  Ccntauri^  the  brightt^r  member  of  the  southern  binary,  in 
Plat«  X.  Fig.  2,  The  precision  of  ile  correspondence  with 
tike  solar  speotium  may  be  seen  by  a  glanca  at  the  oom- 
parifiou  atrips  in  this  latter  figure.  Stars  of  the  solar  clasa 
constitute  Secchi'fl  second  type,  and  are  included  in  Mij*a 
Hbury's  group  xu.  to  zvi. 
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ClaaB  iv.-^6't<Lrs  v>ith  Fl'u.Ud  iJpectra. — Two  kindfl  oi'  absorp- 
tion are  diBtin^uishGible  in  them.  A  linear  syatom,  eomevhut 
reinforced  from  the  Fraunhofer  modtil,  has  superposed  upon 
it  aset  of  dusky  flTitirg*,  aboul  ten  in  Dumber,  of  undelermined 
chemicaJ  orij^.  They^  auggeet  acLion  bj  oxidee,  tha  forma- 
bioa  of  which  in  stellar  atmoepherea  would  Kem  to  imply  a 
considerable  reduction  of  temperature.  Nonv  of  the  banda 
occur  in  the  more  refrangible  part  of  tho  spectrum,  bo  that  the 
photo^'raphic  differences  between  Hokr  and  "  fluted  "  stars  are 
eaaily  overlooked.  Nor  is  there  aii  abrupt  trausition  from  one 
cla^a  to  the  other.  From  Oa|iella  the  Line  of  connectluu  passes 
unbroken  through  Arctunui  and  Aldebiiran  to  0  Audroniedie 
and  a  Orionie  (Itebelgeux],  absorption  settling  down  more 
heavily  on  the  blue  rays,  and  metallic  lines  gaining  strength 
at  the  expense  of  the  truncated  hydro^n  series,  until  the 
duted  type  is  de^nitively  formed,  Tl  is  ei|uivulenL  to  Secuhi'.s 
Type  iii.  Within  its  coinpase  a  prQgi^,*uiion  of  objectH  with 
deepening  bauds,  such  as  Miss  Maury  has  arranged  in  her 
Groups  xvii,,  xviii.,  and  xis.,  can  i-eadily  l»e  foUoweil  nut.  It 
may  be  said  to  terminate  with  a  Hereuli^*  a  Btar  of  thd  third 
magnitude,  displaying  magnilicent  prismatic  chiaroscuro.  A 
diuwiug  of  its  spectrum  by  Mr.  Kspio  is  copied  i&  I'latc  XT. 
Fig.  I. 

Fundamentally,  the  same  series  of  bands  recurs  in  all  the 
lodividuale  of  this  claBe.  They  vary  from  star  to  star  both  in 
relative  and  in  absolute  intensity,  but  their  identity  remains 
uninistakable.  The  presence  of  certain  determinate  atmo- 
lipheric  iugrediects  tiies  the  type,  and  no  othent  can  replace 
tbetn.  The  etars  belonging  to  it  are  in  diverse  degrees  red 
or  orange,  their  blue  emiaaions  being  largely  arrested  in 
the  precineta  of  their  photospheres.  Tliey  must  hence  be 
intrinsically  brilliant  far  beyond  the  proportion  of  their  visual, 
and,  Ptill  more,  of  their  photographic  raagniEude&  Their 
apparent  lustre,  that,  is  to  say.  is  small  com]HLre(1  with  the 
masses  that  may  reasonably  be  assigned  to  them.  Their  light 
is  markedly  unstable,  and  many  are  subject  to  periodical  varia- 
tione  of  exceedingly  wide  range,  Tljese  give  hnght-line 
spectra  of  a  very  delinite  character,  which  it  seems  advisable 
to  set  in  a  class  ii|kurt- 

StaiB   with    tinted    spectra    (conveniently    designated    aa 
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'■  AnbariHii,"  '  from  their  eiempW,  the  lucifia  nf  the  Scorpion), 
although  rare  ccmp&red  with  Slrian  ftud  aolar  fitara,  are  fonod 
plentiftdly  in  evorj  part  of  the  aky.  No  comprelienBivc 
catalogue  of  them  exifita;  the  number  of  those  jilreudy 
known  might,  however,  be  roughly  estimate  at  a  couple  of 
thousand.  They  miiat  be  vaatly  remote.  None  have  sensible 
parallaxes,  ami  very  few  t^how  appretiittble  pnjptr  niotioiia 

Clasfl  V. — Carlon  Stars. — These  Lave  also  banded  apecti^a, 
bub  of  a  totally  diHercnt  stamp.  Three  ehaUinga,  particularly 
conepicuoua  Jn  them,  testify  to  strong  absorption  by  carbon 
vapour,  Vogel  found  them  to  revei-se  exactly  the  spei^trum 
of  an  alcohol  flame,''  Scheiner  coii_jectnrally  identifies  the 
al>turbeiit  uuiLerlal  wJlb  acetylene.^  Othera  hold  it  to  be  pure 
carbon.  There  ia  much  uncertainty  oa  the  point  The 
carbon  -  bands  are  of  different  degrees  of  obscurity  in  the 
variovia  members  of  the  class,  nor  do  they  in  all  preseiTe  the 
same  relative  strength*  Subordinate  bands,  Loo,  of  unknown 
origin  diversify  tlieee  spectra,  monj  or  lesa  striliingly.  But 
all  are  designed  on  the  same  pattern ,  it  ih  only  the  mode  of 
printiTig  off  that  varies.  They  include  aa  well  many  dark  lined, 
nolobly  Fruunhofer's  "  D  "  and  "E,"  repreeenting  abaotptioa 
by  eodtum  and  ux)Il.  A  characteristic  dusky  streak  at  X  576 
awaits  chemJOJil  interpreUttion, 

Carbon  stars  glow  like  iiibies  in  the  sky  ;  they  are,  for  the 
most  part,  fiery  red  objects.  To  the  eye  they  make  a  poor 
show.  The  brighbcat — 19  Piacium — ia  of  5'5  magnitude  ;  and 
only  three  m  the  tiorthern  and  four  in  the  eoutheru  bemi- 
sphere,  out  of  about  250  recordai,  exceed  the  sixth.  This  ia 
not  Kurprising  when  we  ranaider  that  but  a  Hmall  peic-entage 
of  their  raya  can  escape  stoppai^e  by  enfolding  vapours.  They 
would  aeem.  beaides.  to  be  plunged  in  greater  deptha  of  space 
than  Sirian  or  aolar  stare  ;  bo  that  they  ought  perhapa^  allow- 
ance being  made  for  theae  diaad vantages,  to  take  rank  as 
potent  light  -  givers.  The  coloured  "zonea,"  or  luminous 
intervala  in  their  Hjjectra,  are,  at  any  rate,  curiously  vivid  anJ 
sparkling.      Most  are  to  fionie  exLejit,  some  axe    bo  a   large 

'  Thii  *'Bhart  title"  nui  firtiC apjiliod  to  tli^m  bj  Sir  Tiomian  Lock^flT.     Stfl 
Jiatvre,  ISth  Mi v  1899.  =■  Foftdfl^n  J'ubiirAtvmfru  Sn.  U,  p^  29.  ISU. 

'  Die  SpKtraliiialitie  dtr  Gestirre,  p.  SlKl. 
*  Dutiir,  Aatroph.  Joum.  vol.  \v.  p.  lEJl, 
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extent,  variable.  Their  phott^raphic  examination — rendered 
ai'duuns  by  the  quality  of  bheir  light — affordt^d  i*rofeasor 
Haio  ID  1898  the  interesting  discovery,  imptrfeetly  anticipated 
by  Setchi,  of  several  unfumiliar  bri^^ht  lines  superpoatd  upon 
tbeir  dark  tihadingK^  Hydrc^u  lies  low  iti  carbon  al^nL 
It  exerts  no  viHilde  /thsoiiptioii,  and  displays  no  traceable 
enueaioiL  Their  reJationsliips  with  other  stellar  familiea  ore 
obscure  ;  connecting  spectral  links  are  not  altogether  wanting, 
but  they  are  of  Becoiidary  importance.  The  elasfl  formed  by 
them  ifl  ooeitenaive  with  Seoehi'a  Type  iv.  and  with  Miss 
Maury's  Group  T<i  Four  bpedjueua  are  given  in  Plate  XII., 
from  Bpeetrogniphs  taken  by  Professor  Kale  and  Mr.  Ellenitan 
vrith  a  train  of  three  prbma  fitted  to  the  eye-end  of  the 
Yerkea  forty-inch  reti'actor.  Tbe  wealth  of  detail  shown  ia 
so  ^;reat  as  almost  to  obliterate  the  general  columnar  effect. 

Clasa  vi,  — ^  Stars  ivith  J'l'uSid  ^a^xctra  ihotiring  Bright 
Eythojjen  Lin&i. — Mira  is  the  typic&l  titar  of  this  clasti.  All 
its  uitiml>ers  (&avi^.  one  doubtful  <aj*)  are  pronounced  variables. 
They  fluctuate  in  colour  too,  but  show  in  general  a  decided 
orange  or  ruddy  hu&  The  flutinga  are  vary  mnrkedf  and  they 
tend  to  deepen  and  widen  aa  the  stars  lose  light.  Essentially 
the  same  as  in  CUus  iv^,  they  overtie  a  similar  metallic  lina 
specbrunL  Vivid  hydrogen  rays  come  into  view  wit!i  the 
approach  of  each  maximum,  and  fade  after  it  h&&  parsed. 
They  fleem>  however,  to  pcrfiist  much  longer  in  some  stars 
than  in  others.  The  series  ia,  indeed,  at  all  times  incomplete. 
Its  first  term — the  crimson  C— is  often  missing;  the  secon<i, 
¥,  is  by  no  meaos  invariably  present ;  the  stress  of  brilliancy 
is,  in  uirtain  nUnt*,  laid  upon  the  thirtl,  in  most  upon  the 
fourth  line,  the  fifth  being  always  concealed  by  the  dense, 
distended  H  of  calcium.  The  succcBmon  of  bright  lines  ie 
resumed  in  the  lUtra-violet,  and  continued  to  the  limit  of 
the  spectrum,  which  is  curtailed  by  strong  general  abaorptioc. 
A  8pe!C^t^og^^phic  impression  of  Mint  by  Father  Sidgreavea  is 
shown  in  Plate  XIJL  (1).  It  extends  from  orange  to  indigo, 
but  atop3  short  of  H  and  K,  There  is  no  assured  trace  of 
green  hydrogen,  while  the  two  blue  beams  are  luatrou^^  A 
corresponding  print  of  ttie  spcetrum  of  a  Hercnlis  appears 
on    the    same   plate   belaw  that  of  Mira,       The  yellow  ray 

'  Jttrtph.  Joum.  vol.  c,  pr  lOBp 
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of  helium  Bhinea  in  some  members  of  Ciase  n,  and  i^veml 
dark  linen  in  the  Bp&cCrum  of  Mira  coincide  approximjitely 
with  more  refmngible  lines  of  the  same  substance.  Through 
Uie  preseuue  of  eiMiasive  nyuiptiOLOH  in  ^itte<i  specim,  more  thun 
Ei  hundred  new  yariablea  have  beeo  photographically  discoTered 
bj  Mtb.  Fleming  and  her  staff  at  Hftrvard  College-  She  sub- 
divii]e3  them  into  eleven  fatniliea,  m^irked  bj  the  varjing 
relative  brightoees  of  the  hydrogen  Unea^'  while  Misa  Maury 
includes  them  all  in  her  twentieth  group.  Secchi'a  third  type 
Likewi^  duitued  iheni ;  it^  limits  were  indeed  defined  [>efuiv 
their  singuLirities  had  been  noticed. 

Class  \ii, — Helium  Star^  raith  BrigM  Lmes. — Tlie«e  objects 
give  the  characteriatic  dark-line  "Orion  "  spectnim,  variously 
emblazoned  with  lays  of  hydrogen,  heliun;,  and  a  few  other 
sub^^taneea.  In  some  the  bright  and  dark  lines  are  ranged 
aide  by  Kide,  in  others  they  aie  nuperposed,  Lhe  system  of 
reversal  being  tripled  by  the  addition  of  dark  thrt^s  drawn 
acroBB  the  emission  rays.  The  historical  variable  '*  V  Cygni  " 
exemplibee  the  former  variety,  y  Ci^^op^ift  the  latter.  The 
fundamental  C  is  perhaps  always  tlie  brightest  line  in  these 
apecti'a^  and  there  is  a  umfonn  decrease  in  the  lustre  of  the 
hydru^ii -series  jw  it  progreasen  upward'  Tn  many  cas(*H  its 
lower  members  ohow  by  emission,  the  reat  by  aboorpliou. 
The  bright  epectrnm  may  indeed  be  reduced  to  a  eolitary 
C  The  same  rule  applies  to  helium.  The  circumstance. 
however,  that  the  lowest  terms  of  each  ^ries  are  those  vivified, 
becomes  evident  only  when  the  linea  ptt^nent  are  sorted  out 
in  their  due  tenuerjtial  order,  tt  in  unapparent  on  a  collective 
view  of  them. 

About  dfty  bright-line  helium  stare  &re  known,  and  fresh 
epeciinenB  are  yearly  ^wept  up  in  the  course  of  space -sounding 
operations  at  Harvard  College,  A  fuller  acquaintance  was 
gained  with  thirty- two  among  the  nnnjber  by  Prof*«sor 
Carnpbell'e  scrutiny  of  their  s^iectra  with  the  great  Lick 
refractor  in  1895-  Much  hesitation  prevails  as  to  their 
proper  place  m  systemG  of  eteUur  cluseitication.  Most  uaually 
they  are  treated  as  a  Bubdiviaion  of  the  dark-line  helituu  class, 
but  Miss  Maury  and  Miss  Cannon    laave  them  outside  the 

*  Aatrt^.  JouTTL  vol.  riii.  |>.  223. 
'  Otmpbfll],  Affrcp/i-  Jofim.  vol.  ii.  ^i.  181, 
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framowork  of  their  respective  echemee,  appeuding  valuable 
diBcasaiouB  of  individual  peculiaritiefi.^  There  is  tuuuh  to 
be  flaid  for  tliie  mode  of  proct-dure.  Wd  are  enabled,  by 
tbe  kindness  of  KaLber  Sidgreavt'^,  to  reprodace  in  Pla(« 
Xiy.  A  apectrogriLph  «f  7  Oasaiopeio'  token  at  Stonyburst, 
7th  March  1898.  Among  the  bright  liaeH  imprinted  on  ibare 
several  due  to  magneaiumi^  namely^  the  ^-triplet;  promiueut 
in  the  sun,  and  the  blue  wy  at  \  4481,  ftpeciatiaed  by 
Scheiner  ae  marking  a  high  grade  of  heat. 

Chue  viii, —  Wotf.Ji/iyft  Stars. — Aci^uaintance  with  these 
objects  began  in  1367  with  the  discovery,  by  MM.  Wolf  and 
Rayet  of  the  Paris  Observatory,  of  three  small  stars  in  Cy^ne, 
giving  a  spectrum  t-ompoeed  mainly  of  bine  and  yellow  eltJu- 
evkCQB.  Then  on  24th  December  1871,  BeBpighi"  observed  the 
brilliant  prismatic  rBdiunco  of  y  Argfle  ( =7  Velorum),  which 
proved  In  be  of  the  eiinie  (|UHlitry,  although  vastly  superior  in 
quantity.  No  other  star  of  the  kind  exceeds  the  aiath  magoi- 
tude,  and  over  one  hundred  of  them  have  been  already  recogniaed. 
Their  distribution  is  remurkablo ;  all  are  situated  in  or  quite 
close  to  the  Milky  Way,  except  a  eonaiderable  group  located 
in  the  Magellanic  Clouds;'  and  tiie  Magellanic  Clouds  ob- 
viously reprculuce  mftiiy  of  the  eocditiona  of  the  Milky  Way, 

The  leading  6peGtn>Bcopic  distinction  of  the  Wolf-Rayet 
cUiBQ  is  the  display  of  the  Pickering  Heriee  of  hydrogen.  Five 
of  ite  constituent  Lines  have  been  recognised,  but  tbey  are  not 
all  eqiioUy  bright.  The  upper  one^  may  even  appear  dark. 
Emission-baudfi  in  the  blue,  00  the  other  hand,  never  fail  to 
be  viKiMe,  Two  at  least  are  simultaneoiisly  of  a lU?rria lively 
present,  The  more  refrangible  at  \  46S8  is  the  azure  beiim 
identilie<l  by  Rydbei-g  with  the  lender-line  of  the  otherwise 
unknown  principal  series  of  hydrogen.  Its  associate  at 
\  4552  may  possibly  owe  its  origin  to  nitrogen,  but  thia 
remains  to  be  proved.  Helium  Lines  show,  both  bright  and 
dark,  in  these  fltara  1  in  the  same  speRtrum  D^  occasionally 
gleams  golden  beside  its  dusky  fellow,  the  noted  "  Orion " 
absorption  ray  at  X  4472.     Similarly,  in  the  Huggins  hydrogen 

'  Harvard  Annaia,  vol  UTm,  pp.  4fl,  i>3,  100.  142. 

'  MmUil^  I^oiUM.  Fol.  Ur-  p,  507- 

*  Comptes  HimdMM^  t  ltii»-  p,  filO. 

*  l^karing,  A^rvph,  Ji/vm.  val.  vi.  j'.  4G0. 
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series,  a  vivid  C  may  have  for  ilB  companiona  an  abnoBt 
neutral  F  (H^),  and  obscure  H7  aad  HS. 

The  Wolf-Rayet  speutruiEi  is  LlieD  triple.  A  Imnd  of 
(^oabinucua  light,  fairly  strong  in  the  iil  bra -violet,  forma  ita 
baaU.  Abaorption  lines  and  bands  are  auperpoaed,  a  few  of 
them  due  to  hydrofi^en  and  helium,  but  for  the  moat  part 
unclaimed  by  any  terrestrial  aubetaii&i.  To  theee  are  added 
hydrogen,  helium,  and  anonymous  bright  rays  in  varying 
dugret^  of  profuaion.  Nu  metallic  lines,  bright  or  dark,  have 
been  recognised.  Stars  of  this  descriptiou  are  white  or 
yellowish-  They  are  rarely  or  never  variable,  Pickering 
combined  them  in  1891  with  planetary  uebulee  into  a  "Fifth 
Type  of  Spectra";'  yet,  certain  nebular  afliDitiee  notwith- 
standing,^ they  lie  well  awny  on  the  stellar  side  of  the 
dividing  line  between  the  two  sidereal  rejilms. 

The  eight  steUai  divieione  juet  enumerated  comprehend  as 
nearly  as  possible  all  the  stars  spectroscopic^Ilj  examined  up 
to  the  present.  Tl^e  few  left  outetandlng  are,  in  general, 
di&ieult  objeeta,  which  have  been  casually  or  defectively 
nbserved.  Wlien  lieLtcr  known,  they  will  probably  hvow 
at^tnities  not  at  first  sight  apparent.  Our  elfisBlfication  may 
then  fairly  claim  to  be  exhauative ;  it  certainly  rests  upoji 
broad  and  unmistakable  distinctions.  And  it  is  no  small 
achievement  to  have  obtained  a  bird's-eye  view  of  the  celestial 
"  maze  of  error."  Order  is  not  knowledge ;  r^e  scirf  est  per 
ca-ii£ps  Sfire;  but  it  is  an  indispijn sable  preliminury  to  ita 
attainment. 


'  Comphfll,  Attr.  and  AXK^ysia,  toL  iHt  jx  474. 
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Helium  alars  are  ofteii  palpably  coniiBcted  with  nebulas. 
Tha  entire  Orion  region,  where  they  brilliantly  congregate,  if) 
pervaded  ^vith  i^oamic  fog;  coamio  fog  enwraps  tbe  Pleiades; 
and  itidividuii]  uiBtaDces  of  the  same  aseociation  abound,  and 
are  likely  U>  multiply  as  exploration  proceeds.  It  is,  how- 
ever, visibly  closer  in  some  starR  of  the  clusn  th&ii  in  othi^rH  ; 
and  these  Debulous  gradations  iippeiLi'  to  correspond  with 
spectral  gradation b  of  a  very  intcreatiug  kind,  accurately 
represented  in  the  pni^ijreesive  orrler  of  MisQ  Mn.iiry'8  groups. 
The  atirliest  are  strongly  impreestd,  not  only  with  helium  and 
ordinary  hydrogen  liTias,  but  with  the  Pickering  Beries  as  well, 
noted  by  Mr.  McClean  to  eliaracterise  a  priuiitive  stellar 
condition.'  Satinfactorj  evidence  of  oxygen  abeoiption  in 
them  was  adduced  by  him  in  1897,  and  lines  of  nitrc^n  and 
silicon  are  recognisable  bcaide&  Among  metale  only  calcium 
and  magneainm  make  a  feeble  efietrt,'  th<^  one  with  a  juet 
diacemible  K,  tbo  second  with  the  *'  high -temperature  "  line  in 
the  indigo  (X  4481).  No  ah&ty  rays  are  found  in  these 
fipectia.     Theli  shadings  take  the  fonn  of  hazy  titreaks^ 

The  chief  of  a  triple  group  iii  Monoccros  in  a  specimen 
peculiarly  worthy  of  eonsideration.  It  has  the  uncommon 
property,  for  a  helium  star,  of  being  vjiriable  in  a  short  perio^i, 
whence  its  catalogue  title  of  S  MonocerotiR ;  rinJ  it  dominates 
a  Bmall  elu^iter  (N.O.C.  2264),  measured  by  Bmno  Peter  in 
1880*      An  involving   uobula.  evasive  of   telescopic   vision. 

■  Pkil  TranM.  woL  cioi.  p.  1^, 

*  Mauiy,  Bavw-rd  ^niw/j,  foI.  uviii.  p,  15- 

■  AbharnU^  der  kOn.  Sdafu.  QtKllKht^t.  Dd>  jv.  Tb,  1- 
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cumo  out  fully  in  Profesaor  Barnard's  photographs  of 
L894,^  find  wixa  described  by  hiio  ae  '*  a  very  wonderful  object, 
irr^ulor  in  outline  but  quite  well  defined,  with  numerous 
black  gApH  running  inUj  it,  and  couturnLing  in  geoeral  with 
the  peculiarities  of  the  Milky  Way  in  that  region/''  A 
picture  on  u  larger  senile  was  takeo  by  Dr,  Boberts  a  year 
Jater.'  That  S  Monocerotis  will  prove  to  be  a  spectroscopic 
binary  revolving  in  three  days  and  ten  hours,  may  be  judged 
probable  from  the  analogy  of  its  fellows  in  variability- 
One  of  its  conteraporariea  is  the  third  magiiituile  etar, 
I  Oriouis  (S.G.C.  1980),  Sir  John  Herechel  perceived  it  to 
be  wrapt  in  a  large  feeble  nebulosityn  and  a  divergent  streak, 
linking  it  to  the  great  "  trr&peziuia "  nQbiil;^,  diBclosad  itsell' 
photc^raphically  to  Professor  W,  H.  Pickering.*  It  is  widely 
triple,  but  aensibly  etaticmary.  Although  its  spectrum  is  Id  the 
main  a  copy  of  that  of  S  Mouticerotis,  important  distiactioua 
may  present  themselves  to  acrutinising  inquirere.  Both  the 
Wolf-Bayet  blue  bands  show  by  absorption  in  these  "early 
Orion  "  stars,  the  upper  one  being  espty^iaily  pronounced. 

The  three  stars  forming  the  Belt  of  the  Oiant  are  el^htly 
more  "advanced."  Helium  has  trained  strength  in  them  relatively 
to  the  Pickering  series;  the  reverHal  of  Bydlerg's  azure  hand 
verges  towards  effacement^  and  in  the  middle  star,  t  OTioniSj  the 
spectra]  lines  fire  fairly  well  dehned  Oxygen,  nitrogen,  and 
ailicon  contributo  each  its  quota  of  absorption.  A  great 
stream  of  n&buloufi  matter  sweeps  through  the  Belt,  and  its 
two  lower  gems,  ^  and  e  Orionie,  claim  besides  shlniog  ap- 
purtenances of  their  offn.*  An  analogous  object,  c  Scorpii, 
came  out  on  Professor  Bamard't^  pliobographs  with  a  couple  of 
nebulous  "prongs"  attached  to  it,^  and  also  aB  a  focus  of 
marked  condensation  in  the  great  nebulous  field  near  Antarea 
The  spectrum  is  perfectly  similar  to  that  of  e  Orionts. 

Among  southern  helium  stars  one  deserves  special  mEantion 
if  only  For  its  aaBiM-Jation  with  a  notable  discovery.  This  is 
Mr,  McCJean's  "oxygen  star,"  ^  Crucia.  His  identification 
in    1897^  of  numeruus  lines  in  its  spectrum  ae  due  to  the 

'  OuD  Ukrii  l<t  Frbro&rjr  u  khovu  in  Knowiad^  to],  vi.  jt,  ]|}», 

•  jitlr.  and  Aatrojfhynat  »oI.  liii,  p.  17a. 

"  SnawUdge,  vol.  lix.  p.  S9.  *  Sarvatd  AniuifHj  vol.  iirki.  p,  Sfl, 

*  f  OrioTii«=K.G.C.  11*90.  •  BirnnrJ,  fop.  Attr.  a«pl.  IBB7,  p.  aS2. 

'  Sfidra  tif  Sm^heni  Sinn,  p.  11, 
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absorptive  action  of  our  vital  gas  was  fully  coittirmcd  two 
ye^TB  later  by  Sir  David  Gill,'  who  employed  for  the  purpose 
the  Bplendid  apparatus  bestowed  by  Mr.  McClefin  upon  the 
Cape  obeervutoiy.  Silicon  ia  also  present,  and  the  usual 
reveraala  of  the  iudi^  line  of  magueaiuni  and  of  the  riolet 
K  of  calcium  appear  diatiQCtly.  Nitrogen,  however,  is  not 
evident,  nor  the  Pickering  senoa  <if  hydrogen.  The  spectra 
of  0  and  €  Canis  Majoria,  and  of  0  Centauri  are  of  the  same 
stamp.  Que  of  the  brilliants  of  the  Southern  Croas,  0  Crueia 
lies  iuimei-sod  in  the  Milky  Vfa-y.  at  an  uunteasiired,  pt'rhaps 
an  inmieaaurable  distance  from  the  earth.  We  have  tbua  no 
means  of  eetiuuitinhi  its  actual  radiance,  which  muat,  however, 
greatly  exceed  that  of  the  sun.  A  eecular  proper  motion  of 
fourteen  Boconda  is  ascribed  to  it,  and  Sir  David  Gill  finds  it 
to  be  receding  from  the  sun  at  the  rate  of  about  eleven  miles 
a  second 

Bellatrix,  in  the  shoulder  of  Orion,  ia  a  typical  heliuiD 
8tar.  the  chief  representative  of  Miss  Maury's  fourth  group, 
^c  I'ickoring  lines  have  been  found  in  its  spectrum,  but 
Profesfior  Keeler  noticed  the  comparative  prominence  of  a 
subordinate  nebidar  ray  at  X  43  9 1).^  Nitrogen  and  oiygen 
wera  identified  in  it  by  Sir  WiUiaiu  and  Lady  Hugginq.^ 
and  silicon  hy  Sir  Nonnaa  Lockyer*  and  Mr.  Lunt.*  The 
cffaccment  of  iron,  remarkable  in  nearly  all  heliimL  stars, 
subaiHte  also  in  Bellatrix,  and  is  explained  by  Sir  N^orman 
Lockyer  as  an  effect  of  transcendenlal  temperature.  It  has 
a  spectroscopic  td£iir  ego  in  the  lucida.  of  the  Southern  Cross. 

In  the  Hpectrum  of  Kigel  some  iron  lines  faintly  eiuergen 
and  the  sodium  D  appeared  conspicuously  on  Professor 
Campbell's  isochronuitic  plates.  The  Huggins  series  of 
hydrogen  is  magnificently  disphiyeil  torn  its  lirsC  teruj  to  the 
limit*  (see  Plate  IX.  Fig  3);  heOum  lines  are  strong  and 
QLuuerous;  those  of  nitrogen*  oxygen,  and  silicon  come  out  iu 
photographs,  and  they  were  fouud  by  Sir  William  and  I^dy 
Huggins    to   be  associated  with  certain   distinctive  rays  of 

■  /Vw.  Jiayai  Socitij,  27th  ipril  ISBP, 

*  AMr,  aW  AitrtiphyticS,  Vol-  xHi.  |>.  401. 

■  AalT.   Naek.   Nga.   SAGA,  36410,     Belblm  vv  om  of  UoClnu's  cHgiukl 
DijgDQ  itars.  *  ^tUvrt,  vu[,  lui.  ji.  SflS. 

*  AvtTOfh.  JouTTL  tdI.  li.  p,  2C2, 

*  I^.  vol.  X.  p.  31  {MiUbaU}, 
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tJCaumm.^  ThG  lines  in  this  spectrum  contrast  markedly  by 
ttieir  Hharpneaa  with  those  of  other  atAra  ch^niicully  simllAr, 
8u<:h  as  Regulufl.  Rigel  l>elong&  to  Miee  Maury's  luxtb  group  , 
it  appri;zinuitcd  to  tho  Btfi^c  where  beliuiu  atcks  out  of  aigbt, 
and  yields  the  sole  predominanoe  to  hydrogen. 

In  order  to  forai  some  idea  of  itH  prodigious  light-powei 
we  miiHt  remember  that  it-  hna  no  wnsihle  panLlhii  (Gill),  and 
ia  all  but  fltatiouary  in  the  heavens.  This  implies  that  il  ia 
ao  far  off  as  to  make  almost  no  perapective  resjKius^  to  the 
sun'd  ceatennial  advance  through  apace.  In  other  words,  a 
hoee  line  some  tbitty-three  thousand  millions  of  miles  in  length 
(allowing  for  foreehortening)  shrinks  to  little  more  than  a 
point  as  seen  from  Rigel  AHHuming  the  reality  of  the 
minute  proper  luotiou  of  1'5"  u  L'eotury  deduced  from  ite 
catalogued  places,  and  that  it  ia  a  parallactic  eEfect  of  our 
eyatem'e  progress  towards  au  "  apeK "  on  the  borders  of 
Hercules  »nd  Lyra^  at  the  rate  of  twelve  miles  a  second,  we 
must  ascribe  to  the  star  a  distance  of  at  least  367  light  years, 
corresponding  to  fin  annual  purullax  of  ^  1-j  of  a  second.  It 
follows  Ihat  Bigel  gives  about  6000  tijues  more  light  than 
the  brighter  component  of  a  Ceutauri,  an  orb  cooaidered  by 
Sir  David  Gill  to  be  the  exaot  match  in  evciy  respect  of  our 
Bun.  But  the  sun  is  dimmed  to  about  one-third  of  its  native 
luatrc  by  eHects  of  absorption  which  are  virtually  absent  &cm 
the  star.  Hence  a  total  light  emission  8000  times  greater 
would  represent  a  radiating  surface  only  2667  timeji  more 
ejtpanaive  than  the  solar  pbotosphore;  itigcl,  moreover,  is 
certainly  not  massive  in  the  proportion  of  its  luminoaitj. 
Stars  of  the  helium  variety  are  compoaetl  of  highly  rarefied 
materials.  Tl^is  hii«  come  to  be  knowa  through  tho  study  of 
eclipsing  stars.  Taking,  then,  the  density  of  Rigel  to  be 
abt:ul  that  of  Algol,  or  one-foizrth  that  cf  the  aun,  we  find  it 
even  so  to  be  of  no  leaa  than  S4,000  times  the  solar  mass, 
while  gravity  at  its  surface  is  oi  just  thirteen- fold  power. 
Nevertheless  its  spectrum  indicates  extreme  tenuity  in  ita 
gaseous  surioun dings.  Calcium,  for  instance,  in  the  reversing 
layer  of  Rigel  emits  violet  rays  oTily.  Tliere  ia  no  trace  of  the 
blue  line  (X  4227).  The  vapour  exists  there  in  much  the  same 
«tatc  as  in  the  solar  chromoapbere  and  prominences — that  ia  to 

^  Ailiu  o/SeeUnr  Spectra,  p,  tOl 
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8a,y,  in  a,  state  of  the  utmost  attenuation,  which  implieH  the 
coiiDtertuLlEiidn^  uf  gravity  hy  a  strong  utititgDUTBtio  inlluettc^, 
presumably  of  an  electrical  cfitiire,  Thia  merely  extends  an 
inference  already  derived  trom  solar  pheoomcnaH 

The  relAtionahipa  of  Deoeb  (a  Cygni)  have  been  variously 
assigned  There  is,  however^  no  longer  any  doubt  of  ita 
affiiiiLy  to  Kigel'  The  lines  in  its  apecti'ura  are  numerous 
and  clearly  dehne<l.  Sir  Norman  Luckyer  measured  307 
on  photographs  of  the  section  above  F,^  and  there  are 
hundreds  beaidea.  Those  of  helium  aie  of  subordinate  im- 
portance ;  they  are  being  replaced  in  the  supposed  Gvolntionary 
pro^-reasion  by  metallic  lines,  Magneaium  absorption  is 
deeply  graven  in  the  nltramarioe  (\  4481),  and  beginfl  to 
appear  through  the  gre^Q  triplet  (A).  Iron  liucA  of  the  kind 
"  enhanced  "  in  the  epark  are  fairly  abundEint ;  gallium  shows 
at  Jeast  one  strong  line,^  and  titanium  lines  &re  prominent. 
Among  non-metfilUc  substances^  begidee  helium  and  hydrogen, 
only  silicon  is  unquestionably  present  It  comeSr  however, 
well  to  the  front.  Mr.  Lunt  regards  a  Cyguij  Riytl,  and 
Siriua  as  eotoe  of  "the  best  examples  of  silicon  stars"  yet 
known,*  Neverthele&e,  spectrographs  of  them  fail  to  fihow  the 
three  silicon  lines  most  conspicuous  in  the  ^  Crucis  group, 
while  Lockyei'e  enhanced  lines  imprint  themeelvee  with  some 
emphasis.^  Thes«  celestial  modifications  of  the  silicon 
spetLrum  alTord  "  valuable  datft,"  in  Mr.  Luiit'a  opinion,  "  for 
the  uluindation  of  the  problem  of  ralative  stellar  tern peiut urea," 
Their  interpretation  on  current  principlee  would  lead  to  the 
condusion  that  a  Oy^i,  Higel,  and  Sirius  are  hotter  than  the 
'* earlier "  auna  typitied  by  the  "oxygen  star"  in  the  Croee, 
But  there  is  no  real  certaiuty  aa  to  what  causes  the  difference 
in  kind  between  the  luminosit^y  of  the  spark  and  arc.  Tem- 
perature may  not  he  the  sole,  or  even  the  chief,  agent  in  its 
production. 

The  width  and  density  of  K  in  a  Cygni  are  noted  by  Sir 
William  and  Lady  Huggine  as  anonialouSj  calcium  absorption 
nsuaUj  remaining  feebts  when  thjtt  of  helium  is  visible.     The 


>  Scheinvr,  6\£:unyibencJttt.  Berlin,  ISlU  FabruArj  IflSO. 

'  Nature,  vol.  lix.  p.  S4X 

'  OMilfly^  AUruph.  /ittm.  toL  v.  p.  Ifl4. 

*  AUropK.  /««.  Tol.  U.  p.  367.  •  ^oJttrv,  IBlh  Mmrah  lAfiB. 
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curious  thioneaa  of  the  hyirogen  lines  may  result  in  port  from 
their  projection  upon  a  photospherit:  background  of  exceptional 
bhlliaDcj.'  The  star,  at  tvaj  ra.be,  lr  one  of  thoBo  which  *'  stand 
ftpart  IhrGugh  a  diatinctiTe  individuality/'^  &nd  it  invitee,  aa 
Huck  Hpi^til  altenliotL 

Iteguliis — an  in  termed  i  it  to  ejiwimen — hoU  fi  CenUuri  are 
perhaps  the  otily  helium  stara  at  det^muned  distances  from 
the  earth.  For  the  latter  Sir  David  Gill  found  a  patailas  of 
0"046'',G^uivalont  to  a  light-journey  of  Boventy-ODcycare,  HO  that 
it  is  by  no  meaiia  a  near  neighbour.  In  its  place  the  6un  \vonld 
be  juaL  pen^ptible  to  the  nuked  aye;  it  would  appear  of  aixth 
magnitude,  while  the  star  is  only  a  couple  of  grades  below  the 
&rst  rank  (its  photometric  raagnitude  is  1'2).  It&  emieeionfl, 
in  lact,  aurpasB  the  solar  radiance  rather  more  than  160  timee. 
We  may  then  allow  that  thoy  proceed  from  a  photospberic 
ejtpBuae  fil'ty  times  ampler  than  the  sim'e,  which  must  em^om- 
paj4H  a  glolje  342  LiineB  more  voluminuua.  Asaumiug  furtlier 
for  >3  Ceutauri  (as  for  Ttigel)  a  density  one-fourth  the  Holar, 
we  obtain  the  result  that  it  is  of  85  timea  the  solar  mass. 
Owiiig,liowever,to  the  comparative  remoteness  of  ita  surface  from 
its  centre,  gravity  has  there  leaa  than  twice  the  power  which  it 
exercises  on  the  suit  Putting  it  otherwise,  the  acceleration 
of  a  falling  body  on  fi  Centauri  is  about  750  feet  a  second. 
The  value  of  thiH  "txinHtaut**  is  probably  of  essential  import- 
tance  in  determining  the  character  of  stellar  spectra ;  hence 
attempts  at  its  estimation,  despite  the  uncertointieB  that 
hamper  them,  are  worth  making. 

The  Pleiades  are  tolerably  mature  helium  stars;  Alcyone 
was  selected  by  Miss  Maury  as  the  type  of  her  fifth  group. 
Some  of  its  associatea  show  Lazy,  others  eharp  lines.  Algol 
appToachoa  atill  cloacr  to  the  boundary  of  the  Sirian  clodB,  its 
"Orion  linos"  being  quite  secondary  to  the  hydrogen  set. 
EeguluB  is  of  nearly  the  same  standing,  but  its  spectral 
markings  are  dim  and  diffuge  ;  those  of  Inferior  intensity  thus 
make  no  appreciable  inipressioD,  and  the  star's  rays  are  all 
but  exempt  from  absorptive  encroacLments, 

They  indeed  tell  but  slightly  throughout  the  entire  cIubs  of 
helium  stars,  and  this  seems  to  indicate  the  absence  of  any 

■  Cf.  A.  CotfoD  on  "  KirL;lklioa~H  liw/'  Jitr^ph.  Jnim.  voL  is.  p.  SM,  note. 
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strong  coDtraat  in  leniperatare  between  their  pbolospheren 
Atid  r.be  etKMiiupasaiikg  iuiiandej^i^nl  v^iuuru.  ThaL  Erliuae  are 
exceediogl;  teniiQUB  ia  raudered  almost  certain  (as  already 
poiotcd  out)  bj  the  uDQ-revcraal  of  the  blue  line  of  calcium. 
As  to  their  relative  temperaturea,  no  dogmatic  assertion  is 
poesible.  The  effects  of  tranacendental  hent  evade  iaqiiiiy. 
We  CAsnot  without  hesitation  assume  thnt  knovrn  rules  apply 
under  unkuowa  eonditionH.  The  "temperature"  of  the 
electric  epark  is  a  purely  coDTentioual  expression  j  to  what 
state  of  matter  it  actually  correspoods,  can  barely  he  surmised. 
Yet  it  is  important  to  remember  that  the  progression  of 
helium  stars —  if  the  testimony  of  their  silicon  linea  be 
credible — is  towartU  this  state  ^om  a  lower  degree  of  mole- 
colar  excitement  j  while  their  "  high -temperature  "  magnesium 
ray,  present  at  the  start,  gains  prominence  by  accordant 
gradations. 

The  inverse  relationship  between  helium  and  metaUie 
absorption  ia  eictremely  aignifit:ant.  They  eeem  to  be  almost 
incompatible;  one  leads  ]m  eflaeement  with  the  incoming  of 
the  other.  Yet  it  must  be  borne  in  mind  that  both  suhaiab 
together  in  sun-apote,  where  a  condition  of  things  temporarily 
arises  enabling  heEum  to  exert  ita  proper  stoppage  upon  light. 
Spot-spectra  thus  approximate,  so  far,  to  stellar  spectra  of  the 
"Orion"  etamp.  Here,  no  doubt,  we  hold  the  elue  to  some 
profoond  physical  analogy,  the  inveatigatiou  of  which  may 
help  to  dissolve  part  of  the  myntery  shrouding  the  "  proueea 
of  the  aune."  Moreorer,  o^^ygea,  mtrogen,  and  "cosmic" 
hydrogen  (if  we  may  so  call  the  moditied  gaa  giving  the 
Pickering  lines)  ai-e  even  more  eeuaitive  than  helium  to  the 
adverse  inQueuce  of  metals.  This  statement  is  scaroely  im- 
pugned by  the  fact  that  a  trace  of  oxygep-absorption  survives 
in  the  sun. 

The  clceest  connectioDS  of  early  helium  stars  are  with 
members  of  the  Wolf-llayet  family.  But  for  the  tiueky  lines 
of  magnesium  and  calcium  apparent  in  them,  their  spectra 
might  indeed  be  said  to  reverse  the  Wotf-Eaj^et  radiations, 
l^ter  on^  when  nE^hular  (^ympLomR  di5api)ear,  whan  beUuni 
fades,  and  faint  iron  Hues  crowd  in,  they  slide  imperceptibly 
into  the  Siriaa  stage  of  existence.  No  bait  ie  cried  Thft 
&oatier  ia  crossed  without  advertence. 
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Helium  Bta.rH  are  not  equably  scattered  over  the  sphere. 
Their  condensation  towards  the  plane  of  the  Milky  Way,  (irsl 
noticed  by  Pickering/  waa  atroiigly  emphasiMd  by  McOlean's 
aonthem  survey.  "In  the  contiguous  oonate  I  la  tioEB  of  Muaca, 
Cros,  Cenlaurua^  and  Scorpio/'  he  telle  \iB,^  "  thero  arc  tweuty- 
Bdven  helium  Btare  out  of  a  total  of  thirty-aix  "  brighter  than 
S'5  ma^ituda,  and  the  proporticin  in  ParfienB,  Taurua,  And 
Orion  in  fifteen  out  of  nineteeu.  It  would  he  desirablft  to 
ttacertaiu  whether  objects  of  inferior  lustre  are  similarly  swayed 
by  this  galactic  attrootiou.  But  up  to  the  present  nothing  is 
certainly  known  aa  to  the  prevalence  of  the  type  among  faint 
stara.  Below  the  sixth  mitgnttude,  its  distinctive  marks  are 
liardly  recognisable.  The  conjecture,  however,  ia  plausible 
that  Milky  Way  aggregations  are  composed  mainly  of  helium 
aunfl,  birge  aud  small  But  since  their  great  intrinaic 
briUiunoy  renders  them  vieible  At  diaUucea  completely 
quenching  the  rays  of  solar  stare  of  the  same  size,  they 
should  preponderate  in  the  Milky  Way  for  this  reason  alone, 
apart  from  any  real  numerical  superiority.  So  that  the 
question  of  their  dlBtribution.  like  most  othere  in  Btellar 
physics,  has  complex  bearings.  Kelimn  atars  are  plunged, 
vrithout  any  known  exception,  in  abysmal  depths  of  spac«, 
None  have  been  found  within  a  radius  measured  by  about 
seventy  years  of  light-travel  They  frequent  a  sidereal  region 
differeat  from  ours,  where  nebulae  linger  and  stars  with  blaz- 
ing chromoflpberea  have  their  habitat. 


1  Awfr.  Naeh,  No,  3026. 
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Helium  aud  hydrogen  slara  cannot  be  quite  de^nitelj  set 
apart.  The  two  claeBes  coniminglo.  A  traoBition  epccimen 
of  uncommon  interest  ia  found  in  17  Leonis^  which  combinee 
some  of  the  p^uLiaritiea  of  a  Cygni  with  a  powerful  develop- 
ment  of  the  hydrogen  aerii's.'  Another  i^  presented  by  ff 
Aquilffi,  placed  by  Mr.  McClean  beside  such  clearly  char- 
acterieed  helium  stars  ae  Algol  and  Pleione,  but  by  Mias 
Jdaiuy  in  the  group  with  Sinus  and  Vega-  Even  Vega. 
aUhoogh  a  perfectly  normal  member  of  the  hydrogen  claas, 
preaervea  a  vestige  of  helium  absorption  in  the  typical  "  Orion 
line,"  X.  4472  ;  ^nd  ita  frequent  uompauiou,  X  4026,  emi^rges  tpo 
Tiew  in  stars  tike  {T  AquiLe.  in  which  hydrogen  approaches  a 
maximum  of  strength.  Both  these  lines  are  in  the  lAbor&toiy 
immediately  aeaociated  with  D^,  ae  members  of  the  first 
subordinate  seriee  of  the  "yellow"  helium  set.  K^one  of  the 
special  Wolf-Kayet  lines  occur  in  hydrogen  atars ;  the  Picker- 
ing Heries  is  im represented ;  the  "blue  bauds"  have  no  dark 
counterparte ;  oxygen  and  aitrogen  lines  seem  to  hare  died 
out.  Between  the  broad  block  bars  of  the  Hu^na  series, 
however,  crowds  of  ghost-lik<i  metulbc  raye  are  dieceniible. 
\fore  than  one  hundred  and  thirty  of  theee  nascent  markings 
were  counted  by  Mine  Maury  in  the  photogmpbed  spectrum 
of  Sirititi^  and  her  nearcli,  owing  to  the  limited  range  of  the 
platen,  could  only  be  partial. 

Sirius  is  perhaps  a  allghtly  "older"  star  than  Vega. 
Helium  has  eatirely  disappeared  from  ita  spectrum,  and  more 
familiar  elemente  take   its   place — sodium,  iron,  magnesium, 
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calcium,  silicoa*  with  titanium,  v&nadium,  bariuni,  and  perhaps 

chromium  and  cickcL^  A  remarkabJe  group  of  Uhqb  high  up 
in  the  ultra-violet  is  of  unaurmiaed  ori^n.  Photogrnplmd  by 
Sir  William  and  Lady  Huggiua  4tb  April  1890/  their 
approx]iaa,te  wave-bngths  rire  X\  3336,  3311,  3278.  3254, 
3226,  3199,  white  the  head  of  the  hydrr^n  sctigg  ataudfi  at 
X  3646,  They  are  accordingly  moi^c  refrangible  than  any 
possible  hydrogen  line ;  nor  could  impressions  of  them  be 
obtained  with  apparatus  including  glass  prisms  or  leof**,  for 
whir,h  reAsou  they  are  to  be  found  only  on  the  Tulse  Hill 
apectrographs.  The  interpretation  of  these  recondite  char- 
uctera  otfers  an  alluring  problem.  Although  ribeicnt  from  the 
light  of  Vega,  they  will  doubtless  be  ivfiogniaed,  when  duly 
BOiight,  in  other  Sirtan  stars  ;  but  exposures  of  the  re<juiBite 
kind  are  laborioUH,  and  stildoin  uuderlaken-  Yet  jusl  such 
spetiiid  iuvestigatiouH  are  likely  l^o  1m  [.he  mont  fruiLfuL 

SiriuH  13  the  beat-known  luminary  of  iba  claae.  Thia  for 
two  rcaaoua,  Firat.  because  of  its  vicinity.  Light  travels 
from  the  star  to  the  earth  in  rather  leas  than  nine  yeai^a 
IJext,  because  of  our  fairly  eompletf^  acquaintanee  with  the 
nature  of  itH  binary  ruvolutiona  They  have  now  been  closely 
cbserved  during  forty  years,  and  their  period  la  fifty-two. 
Hence  the  masH  of  the  system  has  been  determined,  and  it 
has,  moreover^  been  apportioned  with  Batiafactory  esactnssa 
between  the  members.  Their  disparity  in  gravitative  power 
proves  to  be  small  compared  with  their  enormous  inequality 
ID  lustre.  Tbf!  companion  ia  a  mere  point  of  hght  oubslione 
3G,000  times  by  ite  radiant  primary,  which  ia>  nevertheleaa, 
more  massive  only  in  the  proportion  of  2"36  to  l"!.  This 
quasi -obscurity  of  the  Sirian  satellite  is  very  curious  ;  but  our 
present  concern  ia  with  the  majestic  orb,  in  the  blaze  of  which 
it  is  almost,  lost  to  view.  From  Dr.  See's  orbital  elements, 
combined  with  Sir  David  Gill'tH  parallai,  a  mass  in  deduced 
for  it  just  two  and  a  half  times  that  of  the  sun.  If.  then,  it 
were  a  body  of  the  same  average  density  and  surface  lumin- 
osity  it  should  give  nearly  twice  (l"84  times)  as  much  light 
In  actual  fact  Sirins  is  of  at  least  twenty-one  times  the  solar 
brilliuney.      This   estimate   is  arrived   at  by    baking  a^,  the 

'  Tcobt-^vhvhitr,  Anfrvnomfrnl  Sjitdn/icf^,  p.  2*3. 
•  /V(w-  Jfayai  Sittirly^  rol.  ilTJii.  |i.  VIS. 
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brighter  component  of  a  Ceiitauri,  as  an  intermediHty,  Sir 
D&vi<i  Gill  has  shown  that  ite  Bpeotriim  ie  a  replica  of  the 
BoLir  spectrum ;  ilti  revoluLiuofi  prove  1 1  bo  be  of  eijua-l  juuam 
with  the  bhQj  and  it  ia  hence  aaeumed  with  the  higheat 
prob»bilitj  to  emit  eenaibly  ths  ghiho  umouut  of  light.  It 
may  ^iceordingly,  in  compariBonn  of  eteUar  bri^htaess,  be 
eubfltitut«d  for  the  sun,  the  luicertamty  aLt^Ddtng  the  direct 
coufroDtfttioD  of  enormously  unequal  light-souiut^  being  *thuB 
avoided  Now  the  diatauces  frutn  the  earth,  and  the  photu- 
inetJic  magnitudes  bolh  of  a^  Cenlauri  and  of  Sirius.  ore  well 
known,  so  thut  it  is  oaay  to  calcukte  how  one  eUa  vould 
appeal  in  the  pluee  of  the  other.  Sirine  ie  twice  ob  tur  oCT  oa 
the  southern  binary ;  transferred  to  that  remoteness  tt^ 
Centauri  would  then  hUow  one-quarter  its  pre^tent  brilliancy  ^ 
it  would  be  of  1^9  magnitude,  just  matching  the  chief  etor  in 
the  Plough.  It  would  aeconUngly  be  SZ  magniludea  fuintor 
than  Siriua,  wliich  is  as  much  as  to  say  that  it  gives  only  ^ 
port  of  iie  light  And  Che  sun,  similarly  located,  would  be  of 
tbe  some  fainlneas. 

Thus  SiriiJti,  while  two  and  a  half  times  more  massive, 
is  twenty  -  one  times  more  luminous  than  the  sun.  '  Or, 
putting  it  otherwise,  the  solar  I'atio  of  light  to  cnglobed 
matter  is  exceeded  mora  th^n  cleven-told  Three  causes  may 
concur  to  produce  this  effect.  One  of  tbem  we  knew  to  he 
present-  It  is  ignite  certain  thitt  th<^  Siriau  iNAtnH  are  almost 
undinimed  by  Helf-ubsD]'^>ticin.  wiiereaa  those  of  the  r^un  are 
reduced  probably  to  one-thiiil  their  original  intensity-  A 
second  contributrory  cauae  to  the  hrillianoy  of  this  star  may 
he  found  in  its  ^^reat  bulk.  It  is  likely  to  be  much  lesa 
condensed  than  the  sun,  consequently  to  posscsn  a  much 
La^er  extent  of  photoapliere  reUtively  to  mass.  A  lumiooua 
area  multiplied  four  timea  would  explain  tht;  ouUtaading 
disparity  of  brightnoss,  but  would  involve  ^  reduotion  of 
mean  density  to  one-eighth  the  solni  standard,  or  about  one- 
sixth  that  of  wflt^r.  There  remaiuB  the  third  factor  of  abso- 
lute dreal  brilliancy  ;  but  its  value  presumably  depends  upon 
L4<mperacure,  and  eoinparativestt^lhir  temjierat urea  must  for  the 
present  be  left  an  opeu  question.  We  ore  only  able  to  conclude 
that  if  Siriue  and  the  sun  be  on  a  par  as  to  intrinsic  shining 
power,  then  the  star  ia  probubly  about  eight  times  more  tenuous. 
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Vega  ia  so  much  more  remote  than  Siriua  th&t  it  may 
aafel/  be  Btated  to  quadruple  it»  emiflfiiDns.  iLs  mass,  how- 
ever, reiuiiiifl  uadettrmioeU,  eince  it  awaj's  no  detected 
GompanioD  with  a  uLcusurablo  Sokg,  That  it  is  Binull  com- 
pared with  ita  light  uan  hardly  be  doubts  Indeed,  through- 
out the  hydrogen  chBs,  this  rule  prevails  to  all  fippeJinuice 
universally. 

The  temperature  of  the  ataj:a,  as  already  remarked,  lb  one 
on  whicb  dogmatic  aseertiona  are  best  avoided.  All  authoritiea 
a^e  nevertbclesa  that  the  conditions  govcvning  light -produc- 
tion  in  such  orbs  aa  SiriuB  and  Vega  approcimate  in  many 
important  respects  to  those  present  in  a  disruptive  electric 
discharge.  One  imptJitant  item  of  evideace  to  this  eflfett  ifi 
the  prominence  in  spectra  of  this  class  of  metallic  lioes  weak 
in  the  arc,  but  strong  in  the  spark.  "The  general  result,"  tiir 
Korraan  Lockjer  saya/  *'of  the  inventigation  of  the  enhanced 
iron  lines  in  stellar  spectra  confirms  the  view  th&t  the  absorb- 
ing regions  uf  the  hottest  stars  exist  at  a  higher  temperature 
tlian  ir*  atlainable  in  laboratory  eiperinieiits."  Concurrent 
testimony  waiS  derived  from  variations  of  relative  intensity 
in  the  magnesium  and  calcium  lines  shown  by  particular 
Btara  But  no  allowance  was  made  for  modifications  resulting 
from  differences  of  pressure,  which  Lhe  Tulee  Hill  researches 
had  proved  to  be  highly  influentiaL  Hence  the  ahsi^nue  in 
Siriaa  atara  of  the  '^blue"  line  of  calcium  (X  4227)  tells 
nothing  by  itself  aa  to  their  temperature.  The  special  value 
of  Dr.  ticheiuer's  magoeeium-test  Ib  that  the  opposite  behaviour 
of  the  two  lines  considered  (X  4481  and  X  4352)  excludes  the 
density- factor.  For  increase  of  heat  may  occasion  the  weaken- 
ing of  individual  lines  conuuiTcnlly  mth  the  strenytheuing  of 
others;  but  changes  of  pressure  must  always  act  in  the  same 
direction — though  not  necessarily  to  the  same  extent — on 
every  elcmeot  of  tbe  epectrum  affected  by  them.^  Professor 
Keeler^  suggested  that  by  means  of  the  magnesium  triplet,  bt 
inferences  as  to  temperature  in  stars  might  be  extended  to 
grades  beyond  the  posailility  of  artificial  prodiu^tioiL  This 
group  is  conspicuous  alike  in  the  flame,  arc,  and  spark;  it 

'  Tkf  aun'3  Ffate  in  NaturCf  |i,  305, 
>  SUtun^birirfi/,:,  Berlin,  tf  4rdi  IBt*. 
'  A^r.  and  Aitr,}/iAf/sii-JT  vol.  Tiii,  p,  000. 
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CADUOt  be  experiiaen tally  aboliabed,  yet  it  faUa  (a*  we  have 
seen)  to  appear  in  Kigel»  and  emergee  very  feebly  in  Sinus 
and  Vega.  Now  it  bcIongB  to  a  aubordinate  acnes  due  to  a 
special  tuol«<;ular  arraDgemanL,  which  coitld  not  easily  persist 
in  an  extreui^  stage  of  heat.  And  a  break-up  uf  the  arrange- 
meiiL  would  be  marked  by  the  eftacemeot  of  the  triplet  in 
the  greeiL  "  If  this  reaaoning  is  correctn"  Profeaaor  Keeler 
wrote,  "  tho  aspect  of  the  ^-linee  in  stellar  spectra  gives  ue  on 
Qxtanfiion  cf  the  method  proposed  by  Scheiner,  aad  it  ehowa 
that  the  tempetature  of  certain  staw  exceeds  that  of  the  moat 
powerful  electric  spark/* 

The  long  t-auge  of  powerful  hydrogen  lines  in  Sirian 
spectra,  on  the  other  band,  caanob  be  I'egarded  ae  a  fiure 
symptom  of  exceaaive  heat.  It  eeema  rather  to  indicate  on 
approach  to  homogeneity  in  the  originating  stratum.  The 
abridgment  and  enfeeblement  of  the  aeries,  and  the  develop- 
ment of  metallic  absorption,  follow  the  same  course,  which  is 
certainly  not  preaeribed  by  thermal  ehairge.  Tliis  inverse 
relation  has  not  so  far  been  sutiafactorily  accounted  foi.  The 
most  plauaible  hypotheeia  regarding  it  i^  that  of  8ir  William 
anJ  Lady  Huggina,  who  connect  it  with  the  inevitflble  gain  oP 
efiective  gravity  in  condensing'  globes. 

Nor  can  the  intensity  of  the  liigher  spectral  aectiotis  he 
taken  as  an  unequivocal  sign  that  hydrogeu  stars  are  hotter 
ibau  the  svji.  For  it  may  be  caiiaed  uot  by  the  iutrinaic 
emienve  superiority  of  their  photospheres,  but  by  their  un- 
veiled condition.  We  know  that  the  eun'a  more  refrangible 
rays  would,  through  the  removal  of  hia  absorbing  atmoephere, 
acquire  etrength  enough  to  turn  the  balance  of  colour  from 
yellowish  to  bluish,  and  it  ib  amply  poBnible  tbfi,t  its  Hpet^trum, 
displayed  to  equal  advantage  with  that  of  Wega.  mi^ht  rival  or 
outdo  its  actinic  compoaa, 

Fomalhaut  (a  Piscis  Aufitrini)  is  a  fine  example  of  an 
advanced  hydrogen  star  Metallic  lines  are  eonaidt'rably 
more  developeti  in  it  than  in  Vega  or  Sinus;  the  McClean 
spectrograma  show  a  [imfoundly  giTmved  K-line.  and  its  blue 
aasociate  (\  4227)  ifi  faintly  reversed.  The  "spark  ray"  of 
magnesium  (X  4481)  is  prominent.  Miss  Maury  prints  a 
table  of  wave-lengths'  meaeured  from   the  Harvard  spcctro- 
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grama  of  thia  star  which  deserves  particular  attention  aa  a  record, 
perhaps,  of  a  transition  epoch  io  stellar  growth.  Lines  of 
iron,  titanium,  and  ailicou  are  readily  identifiable  in  it,  but 
most  of  thfc  entries  have  no  ohviaus  meaiiing.  Fonmlhaut  is 
of  1'3  magnitude,  and  Sir  David  Gill  lias  determined  for  it  a 
parallax  of  Q'lS*  Bhonicg  it  to  he  ahnost  six  bimes  more 
remote  than  a  Centauri-  Its  real  brightness  is  henoe  easiiy 
found  to  be  fourteen  and  a  half  times  tbat  of  the  aim.  Ita 
mass  nnd  density,  however,  remain  entirely  unknown. 

Ah  illuHtpTiiliitg  LliQ  ]i)iyei['Al  diffflrentiatioa  of  bodies  to  all 
appearance  chemically  similar,  two  stars  may  be  singled  out. 
These  arc  Cuator  and  7  Vrsar  Majoria,  the  third  of  the  Plough. 
Both  are  included  in  Miss  Maiiry's  Group  viii.,  and  both 
show  deep  and  broad  furroWB  of  hydrogen.  The  spectra,  in 
fact,  bear  the  aame  inscriptioD,  only  prioted  from  diaaimilar 
typea  In  -y  XJrSttr,  blie  spectrum  of  Castor  i*  viewed,  &&  it 
were,  cut  of  focus.  The  lines  distdnet  in  the  one  are  hazy 
and  diSuse  in  the  other;  none  probably  are  really  mieeing, 
though  a  good  many  are  effaced  by  expansion.  This  peculi- 
arity is  met  with  in  a  conslderuble  number  of  beLLum  and 
hydrogen  stiirB  forming  Miss  M^a.iiry*H  *' division  b."  In 
"  division  t:,"  on  Ihe  contrary,  uf  whit^h  a  Cygni  is  the  befit 
exemplar,  the  lines  are  notably  sharp  and  narrow,  while  in 
'*  division  a  "  they  &rc  of  normal  appearance,  some  thin,  others 
fringed  or  winged  Tbe  cause  of  these  variations  ia  obscure.  It 
would  naturally  be  connected  with  differences  of  preasore  in  the 
stellar  revereing  layers  ;  and  this  again  must  depend  in  great 
measure  upon  the  locus  of  ab^rption,  whicii  probably  variea, 
not  only  from  star  to  atar,  but  for  each  separate  substance  in 
the  same  atar.  So  tbat  the  conditions  to  be  regarded,  even 
from  this  point  of  view  alone>  are  highly  complex. 


CHAPTER   V. 


aOLAB    BTJlRS. 


The   branaition   from   hydrogen   to  solar  stars   Ib  effected  as 

graduEiny  BB  the  troD^tion  &0111  beliam  to  hjdrogeo  sUn- 
MetaUio  abfiorption  comes  more  and  more  to  the  front  in 
BucfOBslve  objocte,  ivbile  the  Muggins  acriee  retires  into  the 
background.  There  are  no  definite  fitoppiiifr-plaeee ;  the  couiBs 
of  t'hiinge  flows  on  uootinuouBly.  At  a  certain  stage  of 
progress,  hnwev^r,  the  cbaratters  distinetive  respectively  of 
the  condition  that  haa  been,  and  of  the  condition  that  is  about 
to  be.  appear  evenly  bahmced.  The  hydrogen  lines,  although 
reduced  to  about  one-qn^Lrter  their  Sirian  intensity,^  still 
muster  strong  even  in  the  ultra-vtolet,  the  metallic  spectrum 
being  uT.  the  uame  time  pronounced  and  crowded.  Thin  medium 
8tate  can  be  studied  to  advantage  in  Procyon,  the  leaser  Dog 
Star.  So  perfect  ie  the  blend  of  types  ehown  by  it^  that 
Professor  Pickering  found  it  difficult  to  decide  whether  tlie 
epectnun  was  actually  intermediate,  or  combined  the  8irian 
and  the  sclar  light  of  two  Bepurale,  biit  closely  conjoined 
atara.^  Either  alternative  is  |xtwib]e,  but  the  former  is  the 
more  probable.  Neverthelew,  the  presence  of  the  fiiU  com- 
plement of  Ilugginfl  lines,  together  with  a  K-liand  of  ten-fold 
the  intensity  po&deasied  by  it  in  Caator,  mufit  be  regarded  as 
somewhat  anomuiouB. 

Procyon  is  one  of  our  nearer  neighboura  in  space.  Dr, 
Blkin  has  measured  for  it  a  purullaci^ie  fabift  of  0  325",  corre* 
Hpondiog  to  a  [ight-jouruej  of  ten  yeara.  And  the  revolu- 
tions of  a  taint  companion  complete   the  datu   i^uisita  for 

'  A.  C-  Mmrj^  HanxTd  AnnjtLi.  vd[-  n*ii1,  p.  30, 
■  Atir.  and  AtCnpkytur,  vol-  lii.  p.  730. 
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finding  the  nuus  of  tho  fl3^tem.  It  comee  out  2-7  timea 
that  of  the  smt,  and  we  cannot  be  far  wrong  ia  aBsigning 
to  the  brilliflnt  component  twice  the  solar  quantum  of  matter. 
It  gives  nfiddy  qnitdruple  the  eolar  light  i  yet  the  disparity 
between  light  and  masa  is  Dotahly  reduced  ti'oin  the  Sirian 
BtaQd&rd.  Abf^orptido  haa  increiLsed  &5  condeneation  has  pro- 
greaaed.    The  rays  of  i'rocyon  ore  perceptibly  tinted  witli  yellow. 

A  similar  spectrum  ia  shown  by  the  splendid  Cftnopua. 
The  extreme  remoteueaa  of  this  orb,  which  is  second  only  to 
Siriua  in  ap^mrent*  lustre,  compelf^  u-s  to  atbribate  to  it  a 
prodigioua  real  light-power-  It  has  no  measurable  parallax^ 
and  no  fleuaibic  proper  motion.  Only  a  minimum  estimate  then 
of  iU  magnitude  is  praeticablo.  Sir  David  Gill  attached  to 
the  zero  representing  itB  paralkxa  "'  probH.ble  error  "  of  0"011*- 
Hence  the  measures  executed  do  not  exclude  a  parallax  of 
this  anLOuut,  albhouglx  they  are  Just  as  consiabeiit  with  an 
equal  negative  value.  Gdnopus  then  may  be  no  further  ofi', 
but  cannot  be  nearer  than  a  light-joorney  of  296  years. 
Admitting,  for  the  sake  of  illustration,  that  it  is  in  fact  at 
this  distance,  which  ia  thirty  timea  that  of  Proeyon,  we 
obtain  the  astonishing  result  that  it  gives  no  less  than  3600 
limeA  itH  radi&noe.  And  siace  the  spectra  of  the  two  s%&x% 
nearly  line  for  line,  this  figure  must  represent  approxi- 
mately the  ratio  of  their  photospheric  areas,  that  of  their 
cubical  contents  being  216,000  to  on&  In  other  words, 
216,000  bodies  of  Procyon'a  aiza  would  go  to  make  up  one 
such  globe  ilh  the  star  of  prehistoric  Egypt.  Yet  Procyon, 
as  we  have  seen,  is  a  sun  cocstructed  on  a  larger  scale  than 
our  own.  The  existence  of  a  luminary  so  vast  as  Canopus, 
although  bewildering  to  imagination,  need  not  appear  in- 
credible when  we  ixinslder  the  immense  scope  of  creation,  and 
the  boundless  resources  variously  displayed  throughout  the 
ethereal  wpacea  populous  with  stars. 

Another  interesting  specimen  of  the  Procyon  variety  is 
y  Cygni,  Visually  of  2'3,  it  is  only  of  3'2  photographic 
m^nitude.  This  implies  blue  absorption  to  an  extent  unusual 
in  the  piesence  of  the  ultra-violet  hydrogen  seriea.  It  is 
accompanied  by  a  disjiroportionately  strong  K,  well  brought 
out  in  Mr.  McClean's  spectrograms.'  The  star  leeembles 
*  Phit  Vnaa.  m1.  erai  pl»t*  fl. 
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a  Cygai  ID  tha  definite  character  of  its  linea,  although  their 
chetcical  lueauiuga  are  veiy  different.  They  have,  however,  as 
jet  beeD  most  iicperfectly  deciphered/  The  apectroacopic 
relations  of  7  Cygni  derive  adddd  importoaoe  from  its  apparent 
oonneotioD  with  »  far  -  itpreading  galactic  nebuloeity  photo- 
graphed by  Wolf  and  Barnard.  But  the  star  may  be  merely 
seen  in  projection  upcD  it.  The  peciiliariti«6  of  ita  light  i-ecur 
with  leds  ftooentnatLoii  in  that  of  rolana. 

A  very  close  approach  ia  TOiode  bo  the  aolar  apeetmm  by 
X  OrioDis ;  virtual  identity  ia  reached  by  CupcUa,  jj  Bootis. 
and  a^  Centauri,  It  is  fic&roely  compromiaed  in  ArctuniB,  or 
any  of  its  niiraerons  iwaocialtJS  in  Group  xv. ;  the  same  lines 
BUbsbt.  only  drawn  eomewhat  more  Iteavijy^  aod  there  is  an 
added  ahade  of  ultra-violet  absorption,  The  ateadineifa  with 
\rbich  the  eolar  type  ia  maiDtained,  all  but  unmodified  through- 
oat  a  large  collection  of  objects,  ia  very  remarkable.  Of  the 
681  brighc  stars  inveslignted  by  Miea  Manry,  19  are  Cflpellans, 
111  Aroturiiina ;  the  Utter  are  barely  dislingnishable  one 
froni  t!ie  other,  tlie  former  only  by  the  iine**t  grades  of 
difFerenc&'  This  seems  bo  indicate  a  particularly  atable  phaae 
of  stellar  existence.  Our  sun's  constitution,  we  am  inter,  is 
adjusted  to  a  high  degree  of  permanence  ;  he  ie  moving  along 
a  nearly  level  tract  of  hJa  evolutionjiry  journey,  and  will  decline 
with  extreme  Blowne.sa  from  hia  ^ictiuU  utate. 

Solar  Ftars  are  to  be  tbuiid  of  all  aizes,  their  variety  in 
thifl  respect  forming  on  inatructive  commentary  upon  their 
spectral  eiiuilarity.  Coneider  Areturua  Dr.  Elkin,  from  a 
lon^  serieg  of  ekiltully  planned  obeervatiooe,  aaaigned  to  it  in 
1897  a  parallax  so  small  (0"024")  that  ita  light  cancoi  reach 
as  in  less  than  136  years.  And  Riuce  at  thia  abyBmal  remot- 
nea^  it  outshines  the  sun's  twin,  a^  Ceiitauri,  by  one-third  of 
a  magnitude,  the  actual  e^cccfie  of  ita  brightneaa  must  be  at 
the  very  least  thirteen  hundred-fold.  In  view.  then,  of  ita 
fpectral  identity  ^  Arc  turn  s  may  confidently  be  anserted 
to  possess  a  photoapbere  1300  times  more  extensive 
than  the  sini'rt.  The  glolie  it  encompaflses  iBh  accordingly, 
about  47.500  times  more  voluminous,  and  in  the  same  pro- 
portion (assuming  equal  mean  densitiea)   more   masaive.      It 

^  FoTler,  Kuovlidgt^  Vol,  %%•  \\  7B> 
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follows  that  gravity  ezeroises  over  the  aurrouiiduige  of  Arctums 
thirty-Bix  times  its  aoLir  power.  Yet  its  spectrum  beara  qo 
trace  of  sensibly  a^iigmented  preaaure.  We  are  confronted 
everywhere  lu  siderejJ  phyttics  wiUi  ihis  aeeming  iui^oEiBial- 
ency  between  tbe  nominal  foix^  of  gravity  and  its  eBeotive 
actioEL 

Pollux  (fi  GemiiLorum)  conforms  athctly  to  tho  i^poctrei 
pattern  of  Arcturua  It  ie,  however,  a  full  magnitude  faints 
and  at  only  half  its  distance ;  U  must  accordingly  ba  a  much 
HOiiller  biHiy.  Itt^  au^ierficial  area  ia,  in  foiMf,  oni^-tenLb  that 
of  Arcturus.  Nevertbeleaa  it  contains  fifteen  times  more 
matter  than  the  aim,  And  gravity  at  the  eurface  of  Pollux  has 
moro  than  olcvon-fold  its  aolar  power.  riftaota  revolving 
round  this  star  would  have,  at  the  same  distances,  peiiodfi 
about  one-quarter  the  length  of  thoee  belonging  to  the  earth 
and  its  s\»ter  worldtt,  our  year,  for  inwlanoe.  being  reilucvd.  to 
ninety  days,  ao  that  a  whole  eummeT  would  be  c^neumed  in  a 
brief  holiday  excursion^ 

[Sut  there  are  smaU  as  well  us  Large  eolai  stars.  An 
InBLgoiflcant  object  in  the  Great  Bear,  catalogue  as  "Groom- 
bridge  1618,"  and  noted  for  its  rapid  proper  motion,  \b. 
aw'ording  to  Sir  Roboj-t  Ball's  iiieaaures,  romfuiralively  near 
tbe  earth,  its  light  reaching  ub  in  10  2  ycare.  The  bod, 
however>in  that  poaition  would  be  Ibinrand  a  half  magnitudea 
briglitcr,  for  it  radiates  fifty  timoa  more  powerfully.  The 
spectrum  of  1618  Groombridge  is  of  the  Aicturian  sub-claas, 
ao  tliHt  tbe  proportion  of  its  mass  may,  under  reservCj  be  taken 
to  follow  the  proportion  of  its  light.  About  350  such  atars, 
then,  should  be  put  into  the  ecalc  to  balance  om;  i^un,  and 
gravity  at  its  surfo^o  has  one-seventh  its  value  at  the  photo* 
spheric  leveL  Another  minor  aun  is  "Bradley  3077"  in 
CaBBiopeia,  although  the  inferiority  is  here  slighter,  aince 
Bradley's  star  emits  perhaps  ten  times  more  copiously  than 
tjiTwrnbridgH^ft.  Further  examples  of  the  kind  will  certainly 
come  to  be  known  when  some  progress  has  been  made  with  the 
investigation  of  faint  Bpcctra.  But  this  is  mo^t  bailing  work» 
flLibjeet  to  the  illuaiona  that  everywhere  haunt  tbe  Umite  of 
distinct  visibility. 

Enough  has  been  said  to  make  it  clear  that  the  Fraun- 
hofer    apectmia    ia   exactly  copied  iu   orbs    of   mont  various 
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dimenaiona  Thia  pointa,  in  Dr.  Soheiaer'e  opinion/  to  the 
closest  agrec^ment,  not  only  in  the  pi^rceatogo  of  ths  ohomical 
imcntB  eDtering  lotc  their  coEiipositiont  but  alao  in  coo- 
itionti  uf  t4-m|it;ntture  and  pressure.  How  such  [inifarmity 
CAD  be  combined  with  widely  difTercnt  gravitational  constftnts, 
is  extremel/  hard  to  underAtand,  The  Tulae  Hilj  expeii- 
moQta,  ah-eady  referred  to,  showed  the  predominotit  i&Hucnce 
of  preasnre  in  ult«nng  spectml  cJi&ractere.  Since,  then,  they 
are  the  «ame  in  Arcturua  u,ad  Groombridge  1C18,  there  is 
prui^Lif^iL]  certHiQly  tbiU  the  calcium  eiivt?Iope&  (for  inatttucQ) 
of  both  abora  do  not  differ  appreciably  in  tenuity.  Yet  tha 
compulsive  force  acting  npon  one  ia  252  times  more  power* 
ful  tban  that  exerted  on  the  other.  The  perBuasiou 
that  it  is  somehow  neutialiaed  is  ineBistible.  We  might 
even  v«nturo  tentatively  t>o  [Refine  BoUr  Htars  as  bodies 
in  wliich  tbe  ratio  is  the  same  bebvreau  ^vity  and  elec- 
trical repulsion.  In  the  course  of  time,  doubtless,  it 
vnll  change  ;  one  or  the  other  force  will  gain  relatively 
to  the  other,  and  the  spectral  type  will  vary  to  correspond, 
Presumably  tha  augmentation  of  etreogth  will  be  on  the 
fttLrttctive  side ;  hut  eosmical  electricity  is  still  an  imexplored 
region. 

The  aymptoms  of  approach  towards  the  fluted  deacription 
of  spectrum  eet  in  gradually,  and  are  of  two  kinds.  Geoeral 
absorption  of  the  more  refrangible  rays  spreads  and  deepens, 
and  specific  absorption  becomes  intensified  in  certain  dusky 
lines.  Conspicuous  lunon^  these  is  the  "blue"  line  of  caleium 
(X  4227),  the  stresa  laid  upon  which  unquestionably  aigoifies 
increased  density  in  the  absorbing  Tapoui,  This  is  juet  what 
might  be  expected  to  aocompany  tlie  progress  of  oooling  and 
contraction,  through  wbieh  doviestie  gravity  gains  advantage, 
as  acting  in  a  steadily  narrowing  ephsre.  The  symptoms 
described  are  visible  in  a  Hydrie  und  fi  Caimri;  they  are 
particularly  well  umrked  in  Aldebaran.  The  last  lh  a  glinngly 
red  statn  its  blue  enuaaions  being  mostly  arrested  by  its  own 
atmosphere.  Incipient  flutings,  too^  are  traceable.  It  is  the 
'*  type  star  *"  of  Miba  Maury's  aiitoentb  group,  which  includes 
twenty-three  objects  scarcely  to  be  discriminated  as  regards 
the  quality  of  their  light     '"  From  the  greatly- increased  widtfi 
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in  them/'  she  writes  ^  of  tbe  line  at  \  4227,  "  it;  would  appear 
to  be  complex,  and  to  include  lines  weak  or  absent  in  the 
BtnrH  of  thtt  roIhj  type  " 

jUdebfi^rciii  liafi  a  [ifiiullax  of  one-teiitli  of  a  second,  and  ifl 
of  fitandard  first  magnitude.  Its  real  brightneas  is  then 
certainly  twetity-oigbt  times  gres-Un  thftn  thot  of  the  aun; 
and  since  it  has  suffered  much  more  heavily  from  absorptive 
encroachmeata,  the  emittin^^  surface  must  proportionately 
exceed  the  spread  of  the  photoRpher^,  Even  upurt  from  any 
allowance  for  iiicreaaed  deiisity^  the  TauniB  luminary  may 
he  considered  by  a  quite  moderate  estimate  to  be  of  200 
times  the  eolor  mass.  On  the  other  hand,  the  primary 
membei'  of  the  famoua  pair,  61  Cygni^  which  as  to  epectrum 
is  a  &int  duplicate  of  Aldebaran,  r&nkA  very  low  in  the 
hierarchy  of  snne,  emitting,  in  fiict,  only  ^^  the  light  of  that 
great  veA  orb.  Here,  again,  the  leaivon  is  enforced  that  the 
wideat  variety  of  size  and  mass  may  consist  with  spectral 
identity.  Aldeharau  is  cncompaesed  by  goaeoue  strata 
apparently  no  denser  and  no  hotter  thon  tlie  absorbing  layere 
in  61  CygDi-  This  circumfltanoe  is  evidently  of  vital  moment 
in  stellar  natural  history, 

■  IfarairtlAitnais,  vol.  xicrin,  p.  (0. 
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TH£  blue  bght  of  thooe  stars  la  powerfully  abeorbcd  by  an 
intensification  of  the  ecreeolDg  effect  observed  in  the  sun. 
They  are  accordingly  rufous,  or  red  Their  spectra  are  pro- 
foundly pcoreri  besideB  with  (DetalHc  luys,  geufirally  agreeing 
in  poeilion  with,  althougb  differing  in  relative  intenaiby  from, 
the  Frauohofer  UncH.  Thus  the  calcium  line  in  the  blue 
has  gained  atlll  furbhor  upon  the  groat  pair  in  the  violet  than 
in  transition  stara  of  the  solar  type.  Finally,  banded  absorp- 
tion hftB  come  in,  A  complete  gystem  of  ten  or  eleven 
flutingB,  aharp  towardH  the  violet^  graduated  iiiflcnaiblj  townrds 
the  red,  ehodows  nearly  tlie  entire  visible  spectrum.  It  ifi 
printed  in  stereotype.  The  banda  are  variously  imprcaaed. 
but  similarly  located,  in  all  membera  of  the  class.  Thi^  givee 
strong  assurance  of  an  ideulieal  origb.  We  do  not  yet  know 
how  they  are  produced,  or  by  what  substances,  but  there  can 
be  no  doubt  that  their  eiplaoation  in  one  atar  will  apply  to  all, 
IVilh  high  dispersion  the  banda  can  be  resolved  into  fine 
lines  pct  very  close  together,^  Tho  fluted  eflect  iB  due  to  the 
crov'ding  of  these  lines  towards  a  limiting  wave-length  pre- 
scribed, beyond  question,  by  a  rhythmical  law.  For  that  each 
band  rupresentfi,  as  it  were,  a  cciudensed  series  there  need  be 
DO  heHibatioa  in  admitting.  Indeed,  by  mere  reduction  In 
scale  tho  hydrogen  procession  in  a  white  star  asenme-s  the 
aspect  of  a  genuine  flutinj;.  A  promising  start  has  aven  been 
made  in  the  research  of  laws  regulating  the  distribution  of 
lines  in  bapds.^     Each  of  the  stelkr  stripes  is  then,  so  far,  a 

^  Dun^r.  Sur  ia  £loila  a  Sfi'Ctrta  'U  la  TroiHtmt  ClatMr,  p.  S, 
'  Tliiele,  AHnt/i^.  Jtntnt,  ToL  riii.  p.  1- 
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separate  entity,  vbilo  all  may  be  liiikdd  into  harmoay  by 
Bubordinaticc  U>  some  higher  unknown  principle.  "Whether 
tliey  origiiijite  from  ime  or  inatij  fornix  of  iimtler  1ih«  Httll  to 
be  determined;  nor  m  there  any  certainty  &s  to  whether 
elemaotB  or  compounde  are  concerned  id  their  production. 

Stars  of  ISecchi'e  third  type,  forming  the  elase  juBl  now 
under  consideration,  are  divided  by  Mies  Mauiy  into  thr^e 
groupa  AuEarea  and  ^  Andromeda  belong  to  the  fii^l  of 
these  ("  Group  svii. ").  They  kIiow  all  the  clmractenBtic 
bands,  sLghtly  marked,  and  transparent  enough  to  allow  every 
detail  ol"  the  linear  apectmm  to  be  clearly  vjaible.  BeteLgeuji 
(a  Orionia)  is  the  pattern  of  the  neat  group.  Its  priamatio 
light  make^  a  beaLttiftil  and  wonderful  e^ect.  The  ueual 
multiple  libHorptian  is  exerted  upon  it,  but  with  a  delicately 
balanced  ^wer  The  blua  rays  retain  appreciable  vivacity  ; 
the  flutings  are  not  so  deep  aa  to  obscure  the  underlying  raye ', 
Ihoy  are  finely  ehaded,  yet  exquisitely  distineC^  Teu  were 
measured  by  Yogel  and  DuniV,  the  strongest  of  which  arc  the 
£fth  and  ^ventb^  with  their  sttep  sides  at  X  5453  and  X 
5109  respectively-  RutUiliouB  cf  da^rk  line^  show  through 
them.  On  tbe  Harvard  plates  Hiha  Maury  counted  463, 
mostly  campoBite*  between  the  eodium  B  and  the  calcium  H< 
The  latter  and  its  a^Bociate,  K,  have  shrunken  somewhat  from 
their  giant  dimeneions  in  Aretrurus.^  Iron  absorption  pre- 
dominatefl,  Tbe  raya  signiticaut  of  it  are  more  promittent 
tban  in  Uie  sun,  find  some  have  unilateral  ahudiugu — u  feature 
alao  visible  in  the  spectra  of  suu-apots  and  of  metallic  oxides^ 
and  indicative  probably  of  a  decline  in  heaL^  Profe«aor 
Keeler  remarked  that  tbe  Udcs  in  Antarian  atura  "  ai2  eoaen- 
tially  those  of  tbe  8olir  spectrum,  but  the  relative  intensities 
are  not  the  saoie.  and  the  general  ^pect  of  the  spectrum  is 
quite  different  from  tliat-  of  the  speotrum  of  the  sun.  The 
strong  Lnes  arc  moetly  those  of  iron — apparently  tbe  low 
temperature  linet  Their  relatively  greater  strength  in  the 
star  fipectrum  gives  to  some  well-known  solar  groupa  (notably 
tbe  I  group)  quite  an  unfamiliar  aspect."  ° 

Hydrogen -absorption  is  much  more  effective  in  Betelgeua: 

'  Banatil  An/uiia^  toL  iittiiL  p  12. 
'  ^>^«t'ac^lti^p^,  Aatr.  SprctroiKopy.  p.  309. 


STARK  WITH   FLUTED  &PECTKA 


211 


than  in  any  olber  Bpectrum  of  the  fluted  kiDtl.  It  is>  how- 
ever, distinctly,  though  feebly  repr^eented  in  all  by  the  four 
lowest  mL^mbera  of  tho  liuggina  soncB.  The  rest  are  either 
libsent  or  shi'ouded  iu  overlying  vapours. 

In  p  PviTmi.  H  star  c^ipricdoufily  vurijible  bcttween  3^4  rind 
42  maguituJcs,  the  b^Dda  are  psrc^jitibl^  deti^^r  thaii  iti  a 
OriouiB.  On  the  other  hiuad.  the  metallic  raye  ecem  rather 
less  auuieioua  and  intense.  But  this  diminution  may  be 
moro  apparont  than  real  The  comparative  faiDtnosfl  of  the 
light  they  int^iTupt  would  partly  account  for  it,  and  the 
mlded  density  of  thi>  afiaoeiEited  lluttngii  would  help  to^'arda 
oHacemeDt. 

Their  etU)  greater  opacity  in  a  Uerculis  ocuLfiione  effects 
of  contrast  with  the  vividly  tinted  bright  Konea,  deacribed  oa 
"  siQguJar  and  magniftcent  '*  by  Fither  Sw^clii,  one  of  their 
earliest  observyra  (see  Plate  XI.  Fig.  1).  Professor  Keeler, 
whobti  Htmly  of  fluted  sjjectra  waH  l>useil  oti  photognipLa  of  high 
diepereion  showing  luduifold  detitiK  found  tlie  dark  gnwvings. 
pii^ntiful  in  a.  Orioni^,  to  be  present  only  as  a  comparatHivoly 
ecauty  survival  in  a  H^rculis.  Mies  Maury  reached  a  similar 
conclusion.  Yet  Dr,  Vogel  waa  struck  with  the  richuesB  in 
abBorption-bnes  of  thia  ap©."trum  and  Eht-  analogous  one  of  fi 
Peg&fli^  Both  theae  Btars  vary  irregularly,  a  Herculie  fmrn 
31  to  3'9.  0  Fegaai  from  2'2  to  27  magnituda  Next  lo 
AnbLres,  the  brigh^t  Bi>ecimens  of  thia  class  in  the  southern 
hemifiphera  are  y  Crucis  and  ff  (iruis.  Mr.  McCIean  obtained 
fipectrographs  of  all  three  at  the  Cape  in  18d7<^ 

Uncertainty  tms  often  been  expressed  ua  to  the  true 
natLu^  Qf  the  tutaiDoslty  in  t^lm  open  spaces  of  flitted  spwtra. 
Are  they  simply  intervals  of  unshaded  photoepheric  radiaticOj 
or  is  their  brilliancy  reinforced  by  the  addition  of  bright 
lines  f  Just  where  tbey  meet  thi^  block  edges  of  the  shafts 
of  abeorption,  their  splendour  exceeds,  in  the  opinion  of  some 
observers,  what  could  be  produced  by  conttnat  alone.  It 
r^eems,  nevertbelesB,  unlikely  tliat  rays  of  emiBsion  should 
occur  in  these  positions  and  nowhere  else  in  the  same  spectra. 
Moreover,  illusory  inipresaions  of  the  kind,  both  vioual  aud 
photographic,  are  common  and  pertinacioun.      Nothing,  hovr- 

>   iWHJd>ft  I^hliwUioiUf,  Vu.  14,  x..'J:L 
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ever,  is  more  mimical  to  truth  than  dogmatic  denial ;  we  moel 

be  ready  to  j^dmit  much  that  wa  should  beforehand  have 
deemed  impossible,  even  the  reality  of  fiir-fetched  [^oinurdetnica  : 
for  iLntFicipatiou  ia  oiW-ii  belied  by  fact.  Professor  Keeler, 
whose  mind  was  singularly  free  troia  prepossessions,  foond  it 
"impoaeibk  to  avoid  the  conclusion"  that  in  the  epectrum  of 
a  HerciJid  "the  edges  of  the  zones  horderiog  on  the  dark 
bands  are  brigbt— -much  brighter,  that  is^  than  the  average 
continuous  Hpectrum — and  that  they  are  due  to  a  real 
pTtidoLuiiidncu  [jf  ButiutiioM  lit  tho  regiooB  of  the  spectrum 
in  which  they  occur.  lu  the  case/'  he  wrote  further, "  of  stars 
like  a  Orioai^H  of  a  less  pure  type,  auch  a  conclufiion  could  not 
be  safely  drawn ;  yet  tbt  superior  brightness  of  the  spectrum 
at  these  places  is  obvious^  and  it  cjin  be  traced  even  in  second- 
ly]>e  8tarK  May  there  not,  after  all,  hf.  bright  re|^ons  in 
the  a^lar  spectrum,  such  as  Draper  supposed  Ije  had  found 
in  the  places  of  the  bright  oxygen  lines?  And  what  ls  the 
relation  between  the  dark  bands  in  third-lype  stara  and  the 
bright  zones  whieh  bordt^r  on  them  ?  "  * 

Questions  more  easily  asked  than  answered.  They 
suggest  fJonbtSj  uot  v.t  once  to  be  set  ut  resL,  as  tci  the  nature 
of  so-called  "continuous"  spectra.  May  they  not  in  certain 
cases  include  several  ma?dma  of  radiation  ?  The  possibility 
is  at  least  not  excluded  of  individual  difierences  in  this  respect 
between  atellar  photofipheres.  Yut  of  tmu  gaseous  emia- 
sioua  there  seems  to  be  no  tracf^  in  Antarian  stars.  The 
admission  of  its  presence  could  not  be  m^de  for  one  without 
being  extended  to  all  i  and  many  spectra  of  the  class  ora 
clearly  esempt  from  abrupt  intensiticalrions- 

Chemical  recognition  has  not  been  curried  far  in  them.  Tha 
familiar  lines  of  only  five  substances — iron,  culcituu,  magnesium, 
?iodium,  and  hydrogen — ure  entirely  unmistakable.  The  rest 
await  more  searching  scrutiny.  It  will  be  of  espei^ial  interest 
to  determine  whether  titanium  aud  ita  usual  associate,  vanadium, 
retain  in  theae  ohjecta  any  share  of  their  importance  in  sun- 
epots.  Helium-absorption,  too,  which  octasionally  emerges  to 
view  in  Hpot-speetra,  might  be  Icoked  for  with  some  prospect 
of  suecesH,  but  is  likely  to  ba  inconspicuous.  The  funda- 
mental problem,  however,  in  this  connection   relates  to  the 

■  Agwph.  Journ.  to],  tl  p.  4^. 
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origin  of  the  flutingtf.  Itouglit  to  ptove  capftble  of  a  definite 
and,  90  t€  speak,  a  sinjultaneous  aolutiou.  For  the  membcra 
of  the  syatom  show  the  coherence  of  a  Etructur&l  design.  They 
form  a  miir8haHed  array,  an  int^rdepeodcnt  order.  Their 
oocurrem*  piece-iiieal  iitfd  not  then  be  mpected-  They  will 
be  recognieed  together  or  uot  at  ulL 

Stars  with  Huted  spectnt  Jmve  u  tixity  significant  of  im- 
meoaLirable  remutoneRa  Yet  two — Antiiree  and  Beltlgeux — 
of  the  first  ovdet  ot  Appat^nt  brightnees.  Their  real 
ituile  muF^t  heoce  be  prodigious.  An  approximate 
ftstimate  of  it  vaq  be  arrived  at  in  the  case  r>r  Antansi,  which 
hu6  tin  ostensible  parallax  of  G'02L'',  correflponding  tu  a  light 
joariiey  of  155  years.  Thia,  at  leaet>  waa  the  outcome  of 
Mr.  Finlay'a  meaBuremeota  at  the  Cape ;  but  it  is  so  small  aa 
to  lie  but  sJightly  outside  the  margin  allowed  for  their 
probable  error.  Its  genuineness  can  then  only  be  assumed  for 
the  purpose  of  fixing  ideas ;  ninc^  the  star  may  be  indefinitely 
further  off,  while  unlikety  to  be  appreciably  nearer,  than  tbia 
minute  annuat  shift  asserts  it  to  be.  Under  thia  res&rvc  we 
may  compare  Ant^iren  with  our  standard  »(tar,  a^  Centauri, 
which,  as  we  have  seen,  is  t^uivalent  to  comparing  it  with  the 
ana  The  msult  is  to  show  that  four  hundred  sues,  io  itn 
place,  would  barely  supply  thE;  light  we  receive  from  the  altsr 
tffii  of  Mat^.'  And  this  ia  only  what  remains  after  a  heavy 
absorption -toll  has  been  levied — u  toll  uf  probably  twico  the 
amount  paid  by  the  eiftod  solar  boama  The  photosphi^ric 
extent  of  Antaren  may  then  be  set  down  as  at  least  eight 
hundred  times  that  of  the  suu,  while  the  immense  sphere  it 
covers  may  be  held,  on  good  groumifi,  to  have  a  comparatively 
high  mean  deuaity.  Even  on  the  basis  of  equality  in  this 
reapectr  its  mass  would  exceed  that  of  the  sun  more  than 
22,000  timos,  while  gmvity  at  the  surface  of  this  unim- 
aginable globe  must  possess  at  least  twenty-eight  time«  its 
Bohir  power  Similar  reasonings  npply  to  Betelgeuij  only  with 
still  fonlitar  enlargement  in  measure  of  the  conclusions  they 
to.  For  Betelgeux  ia  a  more  brilliant  luminaj-y  than 
tares,  and  its  immobility  m  the  sky  is,  if  anything,  more 
nearly  abeolnte. 

^  Thv  lUi-  wu  iiam^  Jnt-Aru  ("Uke  >Un  "  J  btoDH  of  iti  rHBOLbUae*  ta 
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TIte  proceeaes  of  iuterior  circulatioD  tn  such  bodies  are 
Ga:tremdy  diiQcult  to  realiee.  The  iutensitj  of  mdiati4)ti  must 
depeod— other  tbinga  bt^ing  equal — upon  the  prcmptitude  of 
deliveiy  fit  the  photoHpht^ric  level  of  heated  stuff  froui  within^ 
Thia  must  increaae  vrith  the  force  cf  gravity,  which  U  the 
driving  power  en  oflcendiDg  uad  descending  currente;  but  it 
muBt,  on  the  other  haud,  fall  off  aa  the  aphere  they  traverse 
grows  moro  compact.  The  maiinQr  iii  which  the  balaoce  ie 
struck  in  each  individual  star  betwe«u  the&e  opposing  influ- 
encea  trauacendft  every  ratrional  conjecture.  We  can  only 
6ee  that  it  luust  vary  widely,  and  that  ita  variations  necessarily 
atTect  the  photoapheric  composition  aod  the  rudiative  character- 
iatice  of  the  globes  in  which  they  prevail 

Antarian  stars  oliey  no  specia]  law  of  distribution.  They 
are  scattei'ed  at  large  over  the  heavens,  and  usually  in  itiolitad 
poaibiouB.  They  show  as  a  lule  no  teudem-y  to  gather  into 
groups.  A  coUectioD  of  nine  specimens,  located  in  the  inter- 
vening space  between  the  two  grand  oluatexB  in  Peraeus,  is 
pcihapB  unique.  Discovered  by  Mr.  Espin  in  1891/  thia  nest 
of  red  3tar>^  appears  like  a  garnet  clasp  bnking  together  a  pair 
of  diamond  aigrettes.  Tliey  are  of  about  t-he  eighth  magnitude, 
but  may  nevertheless,  since  they  are  assuredly  vastly  remote, 
be  most  majestic  orbs.  Nob  tliat  we  should  ascribe  to  all 
Btars  of  this  spectral  type  the  coloasal  dimenaions  of  Betel- 
fH^eiix  and  Antarea.  The  same  degree  of  variety  may  be 
supposed  to  ejciat  among  them  as  among  solar  stars.  Yet 
the  aualogy  may  not  bold.  It  is  conceivable  that  very  great 
mass  is  a  pre-requisite  for  the  development  of  a  fated 
spectrLim. 

■  Mioittitj/  NUian.  vol.  ML  p.  ]fi4. 


Stars  of  Secchi's  fourLh  type,  aIho  known  as  *'  carbon  aUirs/' 
ttre  bbe  most  exclusive  of  atellai  fauiLliea.  Tbej  hold  rem&rk- 
tkblj  tticot'  frooi  everj  oilier.  TJicj'  hftve  indeed  traceable 
relationuhipG ;  but  the  geneulogy  ob^urety  indicated  by  theui 
ueeds  authtfatica-tion. 

Mr.  Eepiii  publUbed  lit  I89S  a  catalogue  of  237  carbou 
stars,'  And  about  a  do/,eii  ohjecta  of  the  kind  have  siuuf  U«n 
detected-  None  are  aa  bright  aa  the  fifths  and  only  aeveu 
exceed  the  eixtb  magnitude.^  Their  iQcouspJcuouBDeaa  probably 
arises,  not  from  any  deficiency  of  intrinaic  li^ht-power,  but 
from  the  ovei^whi^lining  absorptive  action  of  their  atmoephBtic 
ttnvelopee.  Thus  ooly  a  smaU  part  of  t!ieir  original  radiationB 
attain  to  outer  space ;  none  of  the  Hhorter  wave-lengtha  eecapa  - 
the  fipectra  are  cut  o(T  short  a  little  below  the  place  of  the 
blue  calcium  lioe.  luteDsa  viaual  redneaa  is  a  consequence, 
Theeo  stars  glow  aangiuBe  in  the  iiold  of  the  toleoccpe;  tbej 
are  varioutJy  cotupured  to  "  dtopa  of  blood,"  to  c&rbunclea, 
garnets,  or  rubies.  By  u  rough  estiioate,  12  per  ceni  are 
strikingly  variable,  the  pi-oportion  being  nearly  the  aame  aa 
for  third-type  st&ra.  Scarcely  auy.  however,  »h»ne  steadily , 
if  atti<ntivcly  watchcdj  they  can  be  porceived  to  tlicker  and 
fluctuato  moro  or  leas  extensively.'  Some  of  their  changes  are 
indeed  bo  lasting  aa  to  suggest  a  permanent  drop  or  rise  (as 
the  caae  may  be)  iu  the  photooetrtL'  bcalu.  The  eirc^umstHuee 
that  instahility  of  light  ordinarily  accompanies  redneaa  of 
colour  in  stare  is  most  curious  and  eignificant- 
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The  fimrlftineiital  cljarftcterifltic  of  fourth-type  spectra  ia 

the  preaeiice  of  three  deep  bands,  degraded  towards  the  violet, 
sharp  towiirila  the  red.  Tboy  ate  a  ncgatire  copy  of  the 
eraiasioc-twinde  displayod  by  comets.  Five  or  aix  additional 
dufiky  atripea,  bo  far  ucideutified,  are  of  lesB  distinctive  con- 
struction. The  general  effect  of  these  epectrn  differs  from  that 
of  the  Hiited  twrt  chially  in  two  ways.  First,  the  coluTniut  of 
absorption  are  broader  and  more  massive ;  they  are  of  Doric 
rather  than  Ionic  proportionB,  Secondly,  they  are  iliuminUited 
from  the  opposite  ditectioc ;  the  chiaroac\iro  ia  invert^ 
Their  variations  of  relative  intensity  in  different  objecifl 
have  been  proposed  as  Bubsidiary  I'liLSHification-marks^  but 
cannot  Ite  much  ineiiated  upon-  Such  individualities — &a 
Professor  Dum^r  pointed  out — do  not  imply  radical  die- 
tiuctione ;  and  they  are  so  prevalent  and  so  various  that, 
by  closely  attending  to  them,  "  one  might  easily  get  as  many 
aobdivifliona  as  there  are  stare."  ^ 

The  linear  spectrum  in  carbon  stars  is  seen  with  difficulty 
through  the  clouk  of  the  bands.  It  is,  however,  none  the  lesa 
impOTtanL  Sodium  and  iron  contribute  to  it,  but  moat  of 
its  constituents  still  Iftck  interpretation.  Hydrogen  and  helium 
alike  fail  to  app^^ar.  No  calcium  lines  are  visible ;  indeed 
those  in  the  blue  and  violet,  which  Mrould  tnoat  naturally  be 
looked  for,  r.ould  not  show  through  the  dense  veil  of  absorp- 
tion bhroudlng  the  upper  spectral  reacbHb;  so  that  their 
seeming  abaence  ia  cenaistent  with  the  preaeoce  of  a  calcium 
ingredient  in  the  ateUar  atmospheres.  Tbeir  carbonaceous 
strata  nevertheless  give  them  their  special  character.  No  other 
eidereal  objects,  except  an  imperfectly  observed  variable  star, 
show  a  tisce  of  the  eometary  analogy  pTominent  in  the  fourth 
spectral  type. 

The  carbon  bands,  which  couBtitute  its  leading  feature, 
were  identified  by  Father  yecchi  in  1868,  and  he  noticed 
besides  certain  bright  lines^  the  reality  of  which,  long  dis- 
credited, has  quite  recently  been  confirmed.  He  noticed  them, 
however,  somewhat  confuaadly,  for  he  at  times  failed  to  keep 
them  apart  from  the  illusory  effect  cf  vivid  emission  caused  by 
the  prismatic  gleaming  of  the  intercclunmiu  zonea^  Professor 
Hale   in    13S8>  eBectively   aided    by   Mr.   Kllerman,  applied 
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^6  photogmpliic  method  ^vith  remarkable  ^e<-eB6  to  tho 
tBTfletigatioD  of  theoe  spectra.  They  offer  no  tacilitiea 
to  the  Goment,  The  lue  of  ordisaiy  ptatea  is  of  couxHe 
jireuludet)  by  their  de-ficiency  in  ljlue  myB;  olIj  those 
rendered  "orthochronidtic"  by  ^uitubk  dye&  uvail  Ibr  th^ 
deitneatiou ;  und  them  ore  found  practically  iuconvenient 
owing  to  irregular itiea  in  aensitiveneaa  A  Beriee  of  ypJcodid 
piclurea  wae  nev^rthelees  obtained  with  the  aid  of  the  YerkoB 
forty-inch  ralractor;  but  the  iirductuaness  of  the  undertaking 
caa  l>e  estimated  from  the  fai^b  tliat.  with  a  train  of  three 
pnsmfl,  expoauies  of  nine  houra  were  required  tc  aecure 
impreesiontf  comparable  with  thoee  given  by  the  spectrum  of 
Betclgoux  in  twenty  eecoaJe. 

The  research  embraced,  to  begin  with,  twenty-two  atara, 
ranging  from  5'4  to  8'2  magnitude.'  Most  of  the  i^peetro- 
grapJie  were  liiuitfid  tti  the  regii>ri  D  to  ft ;  but  il  few  t^xttiiided 
t<r  \4450p  where  dark  blue  merges  itito  iudigc,  and  cut  rajiged 
far  down  in  tho  crimaou.  This  Wiia  derived  from  the  brightest 
epecimcD  of  tho  type,  numbered  162  in  SchjcUerup'a  Catalogue 
of  Eed  Stars.  Situated  in  Uanes  Venatici,  it  shows  a  spectrum 
ofeuch  rare  beauty  aa  to  j^iet-ify  the  title  of"I-a  Supevba." 
bestowed  upuii  it  by  StH*hi  in  I8fi8.  It*  yellow  flection, 
phobc^raphed  by  Kale,  is  shown  in  Plate  XI.  Fig.  2.  A  sur- 
prisitig  amount  of  detail  is  imprinted  iu  it.  On  the  original 
negatives  over  a  hundred  liucti  were  mc^tsured  where  no  more 
than  three  or  four  had  been  previoualy  recorded'  Moat  of  theiu 
iire  dark,  but  some  are  bright,  among  whichj  apparently,  may  be 
reckoned  two  yellow  rays,  compared  by  Seech i  to  "exquiaitv 
threads  of  gold."  They  are  prominent  in  our  Rgore  at 
wAve-lengtha  X  5593  aud  \  5693,  which,  ss  Profeaaor  Hale 
waa  careful  to  point  out,  "  agree  very  closely  with  "  those  of 
"two  bright  lines  in  the  spectra  of  the  WolF-Eayel  atara."' 
He  adds  the  cautior*  that,  several  other  similar  approximate 
txiincidc^nceh  notwithMtjinding,  "  it  10  too  anon  to  conelude  that 
thflfle  classefl  of  stars  are  related"  A  fine  group  of  vivid 
green  lines  was  also  photographed,  and  some  bluo  mys  were 

^  AatropL  JouTTi,  rolft  viji.  p.  237,  u,  \t.  27}.  i.  |i.  &7. 

'  H\\t,  Ftrtt  .iHiiMi^  Hrport.  jj,  7-  SiHstrcj^^raiflis  of  IfiJ  flcbjstlprup,  talipu 
by  UcCLfVi  wiUi  tmu  iioiHre^  peikisiup,  irare  daauribcil  hj  him  in  1^87  Kt  Alioning 
»  multitaJe  of  duk  ]inm-—AfofiMy  AMintA,  vol-  tvit.  p.  S. 

'  AitrtpA.  Jvum.  Tot  wi'a.  p.  2S&. 
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susf>ecte(L  AJlliough  inl^uaely  red.  152  ^Stiijellerup  liaa  not 
bftfn  <jliw-rvpd  In  vnry  from  55  iniignilud& 

The  tTpical  aUi'  of  Was  Muurj's  "  Group  xxL"  ia  19  Pia- 
oium.  It  Bhowa  a.  eplcndid  four-zoned  Bpectnim,  vivified  by  the 
twinkling  of  omisBioo  rayn  («ee  Plate  XIL  Fig.  2).  Soechi 
noted  in  Jt  the  shining  of  the  same  "  threads  of  gold  "  pre- 
Tioualy  seen  in  152  Selijellenip,'  and  they  may  be  considered 
aA  A  feji-tiire  common  to  all  flpoctm.  of  this  claaa  The  opinion 
to  thifi  effect  expteKied  by  M^  DunSr  carriea  great  weight.  lb 
wee  ii]  1884  entirely  adverse  to  the  reality  of  the  bright  Linea 
recorded  by  the  Eoman  astronomer ; '  but  he  ehanged  his 
view  on  improving  hia  inslrmnent.  The  njateriala  for  hia 
invaluable  Memoir  of  1384  were  collected  with  the  Lund  ten- 
inch  refractor;  in  1893  a  Steinheil  of  fourteen  inches  aperture 
became  avoilalile  to  him  at  UpKila^  With  it  he  at  once 
undertook  a  revisiou  of  hie  former  work/  which^  although 
hampered  by  Berious  interruptions,  progressed  steadily  down 
to  1898.  M.  Dun^t  was  not  disappointed  in  hie  hopes  of 
seeing  mort;  and  better  with  the  larger  instrument;  and  he 
chronicles  as  of  primary  importance  "the  fact  that  be  waa 
able  to  detect  without  difficulty  bright  lines  in  vatiouja  epectta, 
which  at  Lund  were  either  mvtaible,  or  at  least  could  not  bo 
diseovered."  Professor  Hale's  photographic  regiBtratioii  of 
them  wae  thus  vtsuaUy  autheuticated  by  an  otoerver  of 
unrivalled  experience,  and  waB  further  verified  with  tlie  great 
lick  telescope  by  Ptofeaaots  JCeeler  and  Campbell  ujjder  con- 
ditions so  admirable  as  to  leave  little  or  no  room  for  surviving 
doubts.^ 

Tt  may  then  be  regarded  as  an  ^tabliahed  fact  that  spectra 
of  tbe  fourth  type  include  elemetite  of  direct  emission.  They 
are  aubHidiary,  yet  distinct,  and  seem  to  be  unfailingly  present 
in  all  members  of  the  class,  Tlireo  characteristics  may  pro- 
visionally be  ascribed  to  theee  curioua  bright  lines.  In  the 
first  place,  they  are  of  entirely  unknown  origin.  Hydrogea 
and  helium  are  equally  (so  far  as  published  measures 
enable  us  to  Judge)  alien  to  tbeir  production.  Some  of 
them  may  coincide  vrith  Wolf-Bayet  lines,  but  if  so,  it  is  with 

■  Sugh'  Spdlri  Pritmatiei  dtUe  ^lellt  Fittt,  Mom.  ii.  1860, 

'  S-ur  les  ^oitri  ik  Sprwirtn  di  la  Troincme  Cla9t€,  pp,  10,  6Z. 

'  AaiiOffl^.  Journ.  roL  ii.  |i.  11I»-  '  find,  tuL  l.  p.  IJO. 
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Wolf-Rayel  Imert  v/hicfi  Lhemaclres  lie  outaide  the  range  of 
teneatriail  acquaintaaceahip.  Net  even  the  exotic  Light  of 
nebuliuiQ  or  conmiom  cad  be  seoQ  to  gliiamer  in  carbon  sturs. 
Secondly,  they  are  independent  of  luminous  change.  They  do 
not  betoken  viiriabUity,  They  oveur  indifterenlly  in  objects  of 
Bleftdy  luHtre  and  in  those  snhjeiet  to  wide  viinwritudes.  Nor 
Tijjs  Lhe  filigbteBt  »igu  of  iitconntaiicy  lieen  detected  in  the  rays 
themselyes.  They  do  not  fade  and  tiaah  capriciously  or 
periodically.  They  ehinc  equably — to  all  appearance — from 
year  to  year,  and  from  decade  to  decade.  Thirdly,  the 
locus  of  their  developmeot  is  above  the  region  of  carbon 
absorption.  The  tinted  rays  evidently  overlie  the  dark  bands; 
they  are  Heen  projected  upon  them.  The  aubHtanc«a  lo  which 
they  are  due  muat  then  be  found  at  a  higher  level  in  the 
0teli&r  ntmosphcrcfl  thau  the  carbon  vapourn  As  Frofcssor 
Hale  remarks,^  the  case  is  paralleled  in  the  tiun,  where 
hydrogen  and  calcium  riae  to  great  beighta,  while  a  sbnilon 
luyer  (»r  carhnn-gaa  lies  low  &t  the  base  of  the  chroniospliBrft 
This  nrrangemenL  of  ejoiSBive  and  absorptive  strata  does  not 
prevail — aa  we  shall  see  later— in  stJtra  of  all  spectral  cloaeea. 
They  aie,  on  the  contrary,  markedly  diatingutahDd  in  this 
respect,  and  the  difitinction  implies  profound  phyHieal  differ- 
euGe& 

It  waa  found  poasible  at  the  Yerke^  ObHervatory  to  form  a 
fiequence  of  eleven  wtarH,^  in  the  order  of  growing  depth  of  earbun 
absorption  (aee  Tlate  XIL),  The  traQsition  from  one  of  theae 
objects  to  the  nest  was  eo  gradual  as  to  flug^eat  that  tbey  repre- 
eented  actual  phases  of  development.  This,  however,  is  merely 
a  cocvenient  hypothesie.  One  of  the  earliest  of  the  series  is 
uni<|ue,  awordtng  to  Dnn^r,  in  the  relative  strength  of  Itn 
epectnd  bandH.  Those  due  to  carbon  are  quite  feeble^  nhile 
one  of  uutroced  origin  in  the  red  is  broad  find  black.  This 
star.  knowD  &b  280  i^chiellerup,  is  scarcely  brighter  than  the 
eighth  magDitude,  so  that  it  con  be  dealt  with  to  advanta^ 
only  by  the  aid  of  powerful  instruments.  Pitssing  on  to 
19  Piacium,  we  find  onr  of  tht^  three  carbon  bands  dim,  the 
Others — iu  the  green  ri.nd  blue  respectively — -very  wide  and 
dwk.        Their    unequal    prominence    constitutes    a    striking 

■  Aairo}th.  Jtunt.  tdT.  x.  |i.  110. 
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anomaly.  It  recalls  the  variations  in  relative  briglitueas 
of  the  hydrogen  linee  recorded  with  surprise  iu  nebula  and 
sundry  Bpecies  of  ettire. 

A  Epectrum  ioterm^diate  between  thoae  of  19  Piscium 
!iDd  of  1 5  2  Stihjellenip  u  shown  by  the  vnriable  aur  U  Hydrae 
(132  Sebiftllerup.)  Dutn^r  noticed  long  ago  the  wonderful 
(^hrouiftliu  effei^ti  of  its  four  brilliuut  zune^,^  set  off  by  deep  baya 
of  absorption ;  and  Secchi  perceived  in  it  a.  green,  as  weli  aa  » 
yellow  pair  of  tine  mya,  the  gonuinencaa  of  which  Ib  more 
tban  probable.  The  star  tlnctuatee  irregularly  bom  4'5  to 
6'3  magnitude,  but  is  very  rarely  seen  at  its  maximum  Ijrigbt- 
netfi  ProfeHBor  Hale's  sjwctrograpbK  iifTonled  evidence  of  J4 
purtiu.1  but  very  intereAting  reeen^blancre  between  ibn  spectrum 
and  that  of  /^  Ueminorum,  a  tine  example  of  the  flated  deacrip- 
tiori,  and  thii  Agreement — a^  ean  be  aeec  by  inspecting  Plate 
XV, — extends  to  the  sun,  "  Further  toward  the  red,"  he  tells 
uHr^  speaking  of  the  bandad  varistieB, "  tfae  spectra  be<;ome  very 
unlike^  t;hougb  even  bere  tinirii  are  certain  irnportnnt  points 
of  reaemblauce  wbich  muHt  be  carefully  iuveatiga,ted."  Only 
their  linear  elements  are  nabui^y  in  question ;  the  shadoWLng 
bands  are  totpally  unlike  in  the  two  clasae«.  The  coincidenocQ 
detected,  liowever,  are  of  real  importance  as  forging  a  link,  even 
if  a  slight  one,  between  stellar  families  that  stood  previously 
entirely  apart. 

The  invisibility  (up  to  Ijhe  present)  of  hydrogen  in 
carbon  stars  ia  not  eaaily  accounted  for.  The  aubatJmce 
must  enter  into  their  composition ;  its  diffuaion  ie  seem- 
ingly universal  and  profuse ;  why,  theu^  is  its  manifeeta- 
lion,  whether  by  emission  or  by  absorption,  suppressed 
ill  i\iifi  particular  clasa  of  objects  ^  The  Raoe  <juery 
may  be  putp  in  regard  to  comets,  and  tbe  same  obyious, 
although  perhapi]  inaut^cieut  answer  presents  itself,  namely, 
that  their  etodk  of  hydrogen  has  been  consumed  in  the  iabrica- 
tion  of  hydrocarbons.  It  is  worth  noting,'  besidaa  that  the 
only  raetale  yet  identified  in  these  suirs — sodium  and  iron — 
ate  precisely  those  pei'ceived  to  glow  :u  one  or  two  escpptional 
cometsn     But  thin  may  be  only  a  chance  conomTeiice, 

Tlie  rule  of  colour  io  carbon  stars  long  seemed  inviolable  ; 

■  ^itr  /«  £UoiIc^   p.  45. 
^  AUnph.  Joum.  vuL  lji.  p.  27i. 
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jet  there  are  exccptiouB  to  it.  Two  spectra  of  tbe  kind  well 
GXtencled  in  the  blue  were  photographed  4l  Harvard  College 
in  1891,  and  they  belong,  in  tact,  to  whito  sbira^'  Theyare 
liituated,  one  in  Ac^uLla,  tbe  other  aliout  three  d^^ee^  north  of 
€  Ceti,  and  are  of  the  seventh  imd  eighth  ma^xutiid^  reapee- 
tiveljr.  TJii-ir  investigation  oiif^ht  to  prove  pecnliarlj  iiiHtniclive, 
for  in  thern  the  type  has  developed  under  moat  iinuBUal  con- 
ditiouB.  It  ie  benidos  more  coicpletely  exhibited.  Sections 
of  these  fipf^tm  can  be  rof^atcred  and  examined  which  in  othor 
analogoits  objects  ure  concealed  by  dense  general  Absorption. 
It  shouhl.  for  instancii,  he  posflible  to  determiue  whether  caldum 
lines  are  really  or  only  apparently  absent  from  fourth-type 
fipeclra. 

Carbon  atars,  there  ia  little  doubt,  are  inordinately  distant 
from  the  earth.  None,  wo  believe,  have  any  measurable 
proper  motion,  and  experimeuts  on  their  annual  pamllaxes 
would  certainly  prove  a  waste  of  time  and  trouble.  We  have, 
then,  no  means  of  estimating  tbeir  real  brilliancy,  Imt  it  must 
in  Bome  casea.  and  it  viat/  in  all  capeg.  be  exceedingly  great. 
Theae  objects  show  a  marked  preference  for  tbe  Millty  Way' 
They  occur,  however,  in  other  ports  of  the  sky  ae  well  Th^y 
are  condensed  towards  the  gtJactie  plane,  but  not  limited  to 
it.  Tliey  are  unniiBUikably,  yet  far  Prom  eicJuaively^  flwayed 
by  its  attraction. 

■  Ttv;  uc  TftUlopitd  in  tlu  HUthen  naaa  of  tha  Bonn  Bordimitiilflnui^  u 
"  Hule,  jfdrojift.  /oum.  rvl.  viii.  p.  230  \  EB{no.  JAA/.  rol  x.  p.  170. 
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Although  the  [Ifspl^y  of  bright  linea  in  fluled  Kpecln  U  a 
&L11-Q  tugti  of  extiiiiBivu  variability,  it  is  not  the  llfrht-changes 
of  the  stars  tlioa  charactexiaed  that  here  concern  us.  The 
two  oUsaes  ot'  phenomeoa  axe  b^ond  question  intimately 
related;  but  as  a  matter  of  pure  oouTenience  Ibey  have  to  be 
treated  of  apart 

Mira  Celi  has  the  advantage  over  its  feUowa  of  ming  to 
more  briHiant  maxima,  and  of  having  received  longer  atbenbioa 
and  more  cai'eful  study.  Since,  howt:ver,  all  the  members  of 
Clan  TL  are  not  copied  from  one  pattern,  inveatigatiooa 
conducted  too  excluaively  c^n  only  lead  to  p&rtial  knowled^; 
and^  indeed,  the  varieties  distingnisbing  the  different  apecimena 
are  preeiaely  their  most  itjstruetive  feature,  Thua  they  agree 
iu  showing  sonu  brightened  hydrogen  tines,  but  not  in  the 
selection  of  those  to  be  brightened.  Then  helium  rays  are 
vivid  in  certain  of  theee  stare,  dark  in  others,  and  there  are 
further,  less  osGured  diveraitiea  Th.ese  cannot  yet  be  explained 
by  a.ny  Hingle  fonsiatent  theory,  but  they  may  be  definitely 
asceitaiued  and  brought  into  Horoe  kind  of  orderly  rela-tionahip. 

The  [jpectrum  of  Mira  has  a  prescriptive  right  to  be 
eon&idered  firnL.  It  is  the  model,  deviationfl  from  which 
count  as  Gxcoptioaai  The  bands  arc  profound,  the  radiatiottB 
of  hydrogen  intense  duriag  fully  one-third  of  the  light-period 
of  eleven  montha.  Detected  photographically  at  Harvard 
College  in  1886,  t-hey  are  now  looked  for,  and  mrely  missed, 
in  every  analogous  object  t\s  it  riBea  from  quasi-ejctiaction. 
The  hydrogen  stratum  in  Mira  seems  to  be  in  a  peculiar 
condition.      Tt  emit^  only  the  higher  members  of  the  Huggins 
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series,  the  red  and  the  green  lin^s  (C  and  F)  being  nUke 
inviaibLe.  The  blue  and  the  indigo  lines,  gh  the  other  hand, 
Hhine  witli  extraordmnTy  tirilliHnt'y — a  brillianty  "Loo  great 
to  be  fihown  on  a  drawing  or  to  be  safely  e^tpressed  hj  a 
nmnber  rcpreeentiag  relative  iQtcDaiby " '  (see  Pkte  XIIL 
Fig>  IJ.  The  fifth  hydrogen  line,  by  a  rule  without  t'xcoption 
in  Mim  variables^  is  hidden ;  but  eight  of  its  aBsocifttes  in  the 
ultra-violet  have  been  recorded.  Very  singular,  indeed,  is  thp 
partial  pi-enentatiou  in  ibis  btar  of  a  closely 'litiked  Aeqiieiit^e  of 
vibrations  It  c^n  hardly  result  from  an  estraonliutiij  e]e%'a- 
tion  of  temperature ;  we  can  better  conceive  it  oe  due  to  eomt' 
subtle  form  of  elet'trical  action  not  yet  evoked  in  the  laboratory. 
The  etate  of  cliiiiga  as  regards  the  hydrogen  gpectruio  is  the 
opposite  of  that  prevailing  in  the  revcTBing  stratum  of  the 
sun.  Here  the  up^ier  riidiatious  are  suppressed ;  iu  Mira  the 
aeriea  starts  from  it»  third  term. 

The  star  hae  been  Bpectrographically  investigated  by 
¥(^1,  Sidgreaves^  and  CampbelL  The  Potedaut  platpoe  were 
exposed  during  the  low  masimuiEi  of  January  -  February 
1896,^  when  the  variable  suircely  ext'ceded  tourtb  magnitude ; 
and  tbia  in  a  circumetance  to  be  borne  in  mind,  since  there  \a 
reaaon  to  suspect  that  emisaioo  may  differ,  not  only  in  degree 
but  in  kind,  at  light  crises  cf  dilferent  intenaibies.  However  this 
be,  only  the  hydrogen  lines  were  perceptibly  viviSsd  in  189$, 
Of  the  dark  lines  measured  by  Dr.  Vogel,  many  coincided  with 
Kraunbofer  rulings,  but  a  goodly  proportion  seemed  unfamiliar^ 

The  maximuui  of  1897-98  was  studied  by  Father  3id- 
greavea.*  It  was  an  improvement  upon  that  observed  by 
VogeL  Mira  attained  3^2  magnitude  on  30tb  November. 
The  Stonyhurst  plates  were  iaochTomatic ;  their  range  of 
sensitiveDeBfi  extended  from  high  up  in  the  violet  to  near  D 
in  the  yellow,  and  they  continued  to  be  espoHiHl  imUl  5th 
February,  when  the  variable  had  sunk  to  the  si.vth  magnitude- 
nut  the  light  remained  essentially  unchanged  in  quality, 
although  reduced  to  one-thirteenth  its  original  nmouot.  Only 
the  continuous  spectrum  in  the  blue  hud  faded,  relatively  as  well 
as  abeolutely,  showing  that  the  star  grew  redder  in  its  decline. 

■  SidicTHve^t  KvHthl^  jV>^Acr«,  rv\.  Uiii.  p.  34£i. 
■  SUsHitgitrrichi':.  Brrliu,  2fith  MiJT;b  1fi90. 
*  McrUh/if  yUiitM    vol.  Ivui,  p,  XiU. 
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Froreaeor  C&mpbell'a '  observatiooa  at  the  maximum  of 
October  1893  had  the  Lwo-Fold  advauhige  of  being  made  with 

a  mHj^ificrnt-  apparaluw  and  at  an  eKwptionally  bright  phaaCv 
lu  more  way^  than  one  tbey  mark  a  beginning.  Thej  both 
8i^ge6t  relations  and  eatabliali  fticia.  The  plates  exposed 
with  the  Mills  spectrograph  uttaehi'd  to  the  great  Lick 
refractor  ahow  only  the  region  near  the  rnhird  hydroy^n  line 
(H7)  in  the  Bne  detail  needed  for  meaaurea  of  precision. 
These  were  desired  primarily  for  the  determination  of  the 
star's  riidiiil  movement,  whkli  proved  to  be  one  of  recossion  at 
a  speod  of  6^  kilometi'es  (38j  miltis)  per  Booond^  It  maj  be 
regarded  ae  constant,  No  pint  of  it  seems  to  be  due  to 
orbital  motion  round  au  invisible  <?ompanion.  It  was.  bow- 
ever,  derived  exclusively  from  the  dark  Hnes  in  the  s[>6ctnmi. 
The  hrigkt  lines  told  a  different  tale.  Four  were  compared— 
a  hydrogen  pair  and  a  pair  ascribed  to  iron — and  all  showed 
a  much  smaller  diaplocement  redward  than  the  dark  lines. 
The  amount  of  the  discrepancy,  moreover,  proved  subject  to 
fluctuations;  but  to  fluctuations  obviously  depending  upon 
intprinsic,  nob  ujx>l  extrinsic  causes.  No  attempt  has  been  made 
to  e:t]>lain  thmu  on  the  liypothesiu  of  variable  motion.  It  may 
be  accepti^d,  on  the  evidence  of  lines  physically  in  a  normal 
state,  thiit  Mira — eo  far  as  appEKirs  yet — ie  a  solitary  body  in 
course  of  withdrawal  from  the  earth  at  a  uniform  rate  of  3$ 
miles  a  sef!fm<t. 

Early  in  O(:totter  1898  the  star  reached  2"(j  magnitude, 
and  during  the  few  weeks  of  its  greatest  brightness  the  blue 
and  indigo  hydrogen  bands  were  perceived  to  be  broken  up 
each  into  three  unequal  eompoucnta  This  remarkable  ap- 
pearance faUa  into  tine  with  symptoms  of  disturbance  in 
stellar  spectra  of  other  types,  but  had  not  previously  been 
observed  in  a  Mira  variable.  It  is  of  very  curious  interest. 
In  studying  the  "intensity  curves"  of  the  tripled  line  (see 
Fig,  19)  the  conviction  becomes  almost  irresistible  that  here 
a  "Zeeman  effect '*  is  in  question.  The  polarimtion  teat 
might  decide.  If  the  lines  are  distended  and  shattered  by 
powerful  magnetic  action,  then  tbe  lateral  components  and 
the  central  component  must,  be  polarihed  in  planes  at  right 
anglee  to  one  another,  and  the  rotating  of  a  Nicol's  prism  ia. 

^  Aatrt^.  Jintrp.  vol  li.  |7.  31 ;  Obtrrvatory,  vcL  uK  p.  1£2. 
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tlie  HM  should  produce  altemftliiig  pxlutietioii.  Profeesor 
C&mpbell  wsH  prepared  to  mflke  the  eKperiment  at  the 
maximum  of  1^99,  but  the  ^tar  unfoitunately  failed  to 
replenish  iU*  due  measure  of  light,  and  gave  an  iraperfectlj 
legible  spectnim.  Favourable  Dpportuniti&B,  however,  for 
applying  thb  simple  criterion  must  frequently  recur,  and  they 
are  well  worth  wiitching  and  waiciny  for.  Ptwittve  results  of 
the  kind  indicated  would  be  of  revolutionary  iniportaoce; 
obsctue  pheiif>meDa  vtouhl  he  illintiiuJLti^l ;  /Luoiuuliea  ^^ould 
bb  romoved ,    a   bouudlesa  region  would  be  thrown   open  to 


.3^. 


^2^^l¥  fp-bo        4o.fi 


inveHtig&tioii.  The  ianue,  it  Ia  Bcan:ely  too  much  t<j  aay,  is  vital 
to  the  progresB  oF  aBtrophjeiga. 

Tlie  produt^tiou  of  multiple  hydro^^cn  -  lines  iii  the 
fipottrum  of  IfLra  muy  quite  possibly  be  restricted  tf>  brilliant 
phases.  Metallic  emisaion  almost  certainly  is^  Thus  th& 
iron  raya  (X\  4376^  4308)  regintered  as  bright  in  1898  were, 
the  one  strongly  dork,  the  other  eitlier  d^rk  ivr  invisible  in 
169S  and  1S9T-  This  ^ivea  a  hint  of  the  divemtiea  to  be 
looked  for  in  the  future,  and  lends  enhanced  interest  to 
niinniifEL'  of  observjhtian  whioh  in  themselves  might  st^m  triviaL 

The  gpectrum  of  Mint  includes  jl  gowl  m»uiy  dark  lines 
closely  adjacent  to,  if  not  actually  coincident  with,  rays  of 
helium.     None  have  been  neen  bright     Calcium  absorption  tn 
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very  prDminent.  The  line  in  the  blue,  which  develope  with 
increase  of  presBiire,  comes  otit  aa  a  block  grooving  ;  the  giant 
pair  in  the  vialet  aib  cf  aiirprising  iotoiiBity,  The  lese 
re&augible,  jl3  iu  ull  such  ttara,  smothers  the  hydrogen 
t^miiwion  of  nearly  its  own  wave-lcTigth  ;  and  Lliis  drcunistance 
demonabrabtTA  some  uneEpecbed  relatioiiA^  The  ('alE^um-layer, 
plainly  under  oonsidcrable  pressure*  must  be  located^  aa  in  the 
Gun^  quite  dose  to  tho  photoapbere,  Eut  the  glowing 
hydrogen  naxiflaarily  liea  lower  still,  stoppage  of  light  inaply- 
ing  BTtpGrineuinbence  of  the  aiTesting  vapour,  ami  there  seems 
no  room  for  it  exiMpt  iu  the  very  luterHLiceB  of  the  photo- 
Hphere  il^f.  The  overhiyiug  of  a  light  by  a  hEa.vy  aubatance 
13  indeed  anomalous,  yet  uo  other  arrangement  is  consieteDt 
with  the  s)>ectrii  phenomona  of  Mira  and  its  congenera 
Besides  calcium,  irou,  magrieaiiom,  strontrium,  titanium,  man- 
ganese, and  chromium  are  easily  recognised  aa  absorptive 
conntitueul^  of  its  atmosphei^ 

The  mode  of  hydrogeD-radiation  cbaracber^mng  Mira  doee 
nob  recur  in  all  etara  of  ite  type.  Some  show  the  two  lowest 
linea  couepicuously  bright,  and  thoj'  ore  often  accompanied  by 
the  glimmering  of  the  yellow  helium  ray.  R  Aqnil^  lb  an 
e3cample>  Other  members  of  the  class  have  F  for  their  chief 
bright  line,  C  being  invisible,  bh  in  R  An*Lromedfe  and  S 
Ga,s6iopciiu,  or  dim  aa  in  V  Bootis.  Hydrogen  in  these  atari} 
appears  to  exiat  in  its  nebular  condition.'  Analogous  to  them 
in  some  respects,  R  Cygni  may  in  others  be  divergent  Ite 
chief  bright  lines  ara  F  and  D ;  ^  but  the  nature  of  the  aocom- 
paoyiog  banded  absorption  appears  somewhat  indeterminata* 
It  might  be  definitely  aacerUlned  by  a  few  well-tinted  obflerva-^ 
tions.  An  important  spectrographic  investigation  of  j^ 
Cygni  was  carried  out  by  M.  Ebcrhard  at  Potddom  in  1901.* 
It  disclosed  phenomena  closely  analogous^  to  those  detected  by 
Ciimpbell  in  Mira.  Thug  the  maximum  of  lustra  was  attained, 
in  the  hydrogen  series,  hy  its  fourth  member  (Hi) ;  iron  linM, 
both  bright  and  dark,  were  abundantly  visible;  above  all,  the 
abaoiption  and  emission- spectra  w^r^  relatively  diaplaced»  juist 

^  EriLgcr.  Adroph.  Jonn,  ro!.  11.  pp.  151,  159. 

*  K**ler,  Liik  fuW,  i^ol.  iii  p.  3i;&. 

*  Eflpin.  jMCr.  AorA.  No.  Z^5». 

*  UftQDJar  bilieved  it  to  bo  of  fourth  typa,  lat  Got  iaa«.     MinUti!^  ^otitet. 
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oe  in  Mim  in  1898.  The  bhgbt  linee,  that  ie  bo  any,  were 
pushed  towards  ths  blue,  while  the  dark  lines  deviated  in  an 
opposite  senBe,  though  very  etightly.  from  their  actmai  placea 
This  flurpriaing  feature  may  then  prove  common  to  the  whole 
of  this  dofls  of  stois,  aod  doublless  depends  upon  aomb 
essential  peculiarity  of  tbeir  coustitutiou. 

About  two  hundred  variable  etars  with  Hut^  spectra  are 
known  to  emit  bright  lines,  and  this  kind  of  npeetrum  is  a 
dtatiactive  badge  of  variability-  Mhl  Fleming's  daHHification 
of  them'  is  haaed  mainly  upon  difFerencee  of  hydrogpn-eniisftion. 
For  the  typical  etar  of  the  first  of  her  eleven  groups  she  clioBe 
R  Lyncia,  in  which  110  and  H7  are  brilliant,  while  HS — 
eometimea  the  hnghbeet  line  in  Mira — is  scarcely  viBiUe. 
She  then  traced  a  oontinuoea  sequeDce  of  change  to  R  Leonie, 
the  exemplar  of  her  last  group,  in  whie)!  Hj^  is  imperceptible, 
H7  eicensively  faint,  HS  couspicuouH.  But  thip  order  of 
relative  luatre  ia  not  in  It  Leouia  ]>ermajieutly  maintained. 
The  effacement  of  the  green  ray  ia  only  traneient.  In  April 
1895  Dr.  Kriiger,  obaerving  with  the  eleven-inch  Bamberg 
retractor,  found  it  to  dominate  the  spectrum  \  and  MM. 
Grufifi  and  Laska  saw  in  the  same  star,  6th  May  1894, 
Ha  doubtfully,  HjS  and  D,  numwtakably,  although  two 
nights  later  Ha  ahone  alone,  while  on  28th  May  Hy9  was 
aimilarly  isolated  Sueh  changes,  inexplicable  aa  they  are, 
cannot  be  set  aside  as  incredible.  Their  fitrtber  inveatigation 
ia  meet  desirable.  Meanwhile^  the  relative  brilliancy  of  the 
hydrogen  lines  in  variables  evidently  supplies  a  liighly  in- 
secure 1  WIS  IK  for  their  arrangement. 

Mira  ia  the  ouly  uieml^er  of  ita  faiuily  which  has  been  at 
all  jidequabely  studied.  A  good  beginning  haa  beeu  made  with 
X  ^'ys^i '  ^^^  about  moet  of  the  remaining  couple  of  hundred, 
partieukra  are  wholly  lacking.  The  great  majority,  having 
been  registered  in  sweeping  spectrograph  ic  aurveySj  were 
pigeiiu-hoh'.d  for  future  reference,  after  brief  inquiry  into 
the  history  of  their  recorded  light'changea ;  and  in  their 
pigeon-holeH  they  have  been  mostly  allowed  to  roat.  Enough 
is  known,  however,  to  whet  curiosity  as  to  what  remains 
unknown.  Spectral  changes  of  a  remarkable  kind  affect  these 
stars;  their   thorough   veri£eation    and    the    uniavelment  of 

'  J^ropA.  Joum.  vol.  Tiii,  p,  33S. 
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their  banglod  rektionahips  are  eseenlial  to  progress.  The 
work  may  be  ditEcult,  but  it  ia  of  profound  iutereat  The 
elucidjitioh  of  the  hydi-cgen- spectrum  in  one  vciriable  star 
may  indeed  <jpcu  the  door  to  ujiexpected  uiid  iJir^reachiDg 
diHGnveriea 

The  heliuni-speutnim  m  e(|iial]y  sigaiGcantH  but  more 
evaaive.  The  emergence  of  the  yellow  ray  seems  to  Accom- 
pany the  bri^'h&eniag  of  the  two  lowor  hydrogen  rftys^  but  its 
fihining  may  ba  comparatively  transients  The  important 
point,  ho^vGTer,  ie  thut  it  docs  uot  senm  to  ocijur  at  all  in 
titurs  allowing,  like  Mira,  a  mutilftlai  hydrogen  eeriea.  Then 
there  is  the  further  questiou  vvhetht^r  Dj,  whtiri  it  doea  shine 
ouC,  ahinea  alone.  Are  *ill  its  numerous  aasociatea  inTJaible, 
or  ar-?  tliey  dark,  aa  aome  of  them  appear  to  be  in  Mira? 
Fiuaily,  we  know  very  little  ua  yot  about  t]io  li^hling-up  of 
metallie  mys  in  such  e])ectra.  It  is  ueverthelesB  c&ftain  that 
some  regulatit)^  pnnelple  governs  thf  eelet^Dion  of  those 
brightened  ;  ami  only  by  detailed  study  can  the  nature  of 
that  principle  be  ascertained.  All  this,  and  much  more, 
needs  prolonged  and  extended  inquiry;  but  in  a  field  that 
will  paid  ample  return  for  the  expended  lai>our. 


CHAPTER  IX. 


HBL1CH    eTARB    WITH    BRIGHT    LOJie, 


Tkmpokary  atai-H,  uml  u  few  attire  variuble  iu  short  periods, 
belong,  properly  speaking,  to  this  daaa;  but  foi'  the  aalcc  of 
deame&i  and  convenience,  they  are  reserred  for  aeimrate 
treatment.  The  question  of  light-ctiange  will  demand  later 
on  our  undivided  attention ;  it  brifltlee  with  difEculties,  which 
we  an?  not  :il  present  [irepared  to  encounter. 

Alcyone,  Ihe  chief  Pleiad,  long  j>aBsed  for  aji  ordinary 
Onon  fitar.  Dark  lines  of  hydrogen  hnd  helium  were  promi' 
nent  in  ita  flpectnim ;  there  aeemed  no  reason  to  suspect 
the  alighleat  deviation  from  normality,  NeverthelesB.  Camp- 
1>el1  perceived  in  1S93  ^  the  red  radiance  of  C  sat  off  by  u 
narrow  dark  line  on  its  more  refrangible  side ;  and  this  state 
of  incipieoL  emiaaiou  ii^pe^rs  to  be  permancnL'  Alcyone 
ni^hl  then  be  counted  a  linking  instance  between  Classee  i 
ioid  vii-  The  discovery  wiis  slartUtig  that  a  single  substance 
eoiild  shos?  certain  of  ita  rnya  bright,  thf^  remiiinder  dark,  in 
one  and  the  same  star.  But  the  fact,  although  iiighly  perplex- 
ing,' has  1>ecome  ho  common  to  experieuce  as  to  have  ceased  to 
be  surprir-iiig.  Examples  of  its  occurrence  have  been  registered 
by  the  Bcoi-e  oa  regards  both  hydrogen  and  heliimL  They  are 
iiil  foimd  in  Classes  vii.  and  viii.  (bright-line  helium  and  Wolf- 
itayet  aUira);  Mim-variablea  secni  never  to  hove  their  hydrogen 

itrum  thuH  conditioned.     Professor  Campbell  *  noticed  it  as 

^    JatrojA.  Jititrn.  vol.  ».  p,   ITS-  -   Runfip,  At/r.  ^VocA.  NV  £*71. 

*  TrofflSfor  Froii's conjee Curp  tijut  inrlj  <\n  mny  imrkvh  tlX(k<wp|jfrH  \-n- 
fentiiidlj  aluoTli>'iji  of  iUe  ^Iiorl^r  inLbUiuut,  Au\  nai  'uwm  tq  Umiulf  pltiL&ible 
ouoagh  ^>r  iiiiblioAiirtiE,  Aaroj-K  Juum.  vol.  a.  i^  IS2,  A  ilTniltr  «TpUhiLlaiiH 
boo^vvr*  lui  U1«L^  hren  rveoni  rriorulpil  by  Dr,  Ktj'nt,     Ihid^  voL  xiV.  p.  ^13< 

'   AiiTVjih.  Jo\Ani.  volt  li  V^  141. 
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aa  mvariable  rule  that  the  bright  Imea  in  Orion  stars  "  are  those 
of  gi'eater  wave-length"  while  "the  dark  lines  are  thoae  of 
shorter  wave-longth/"  TbiB  uppUda  alao  to  helium,  but  ia  a 
qualified  fienee.  IF  all  the  lines  in  its  spectrum  are  taken 
indMcrimitiMtely,  the  hright  uud  the  dark  appeur  to  succeed 
each  ether  without  method ;  but  their  consideration  bj  series 
makes  it  at  once  evident  that,  within  the  limite  of  each  set 
of  vibrations*  the  bright  memberG  ere  invariably  fimdamentaL 
This  13  important,  not  only  for  the  better  ordering  of  stcUar 
phenomena,  bul>  as  regards  the  theory  of  Bpcctral  series  In 
generaL 

In  Alcyone,  then,  einiKMinii  Is  Jtt  a  minimum,  It  ootild 
scarcely  diminish  and  remain  existent.  Ajkd  it  is  quite 
poeBible  that  it  may  be  on  the  wane  ;  after  the  lapsa  of  eome 
hundreds,  or  thousands  of  years,  the  obief  Atlantid  will 
perhaps  have  lost  the  distinctive  note  of  ita  specDrum,  and 
will  have  sunk  tc  the  level  of  unrelieved  absorption.  One  of 
its  {^[^mpunioUH  ut  present  Ktandh  out  from  the  t^rowd  in  the 
aame  way,  but  more  decidedly.  Pleione  ehows  three  hydrogen 
lines  pretty  etrongly  bright,  and  they  are  inevitably  C,  F, 
and  H7,  Centrally  auperpoaed  upon  wide  dark  bands/  they 
assert  by  this  fact  alone  the  non-eorrespondence  in  poeition 
of  their  originating  stratum  with  the  glowing  hydrogen  in 
sbarH  like  Miru.  And  tbia  teaches  us  the  Important  lesBOl 
that  there  is  no  atereotyped  I'odpe  for  the  production  of  stellar' 
bright  lines,  but  that  they  may  originate  diversely  in  the 
various  spectral  ctasse& 

The  Pleiades  are  nebulous  collectively,  and  in  many  cases 
indivitlnfllly  aa  well ;  hut  they  are  less  closely  folded  in  nebular 
swaddling-bands  than  the  group  of  stars  forming  the  nucleus 
of  the  great  Orion  nebula.  It  consists  of  four  leaders,  of 
about  the  fourth,  fifth,  sisth,  and  seventh  magnitudes  re- 
spectively, two  of  which  have  faint  companions ',  and,  aeattered 
promiacucualy,  there  are  to  be  found  besides  four  minute 
stellar  points,  detected  at  Lick  by  Piofessor  Barnard  and  Mr, 
Alvan  O.  Clsrk.  For  spectroscopic:  purpoaes  the  "  trapcEium," 
or  quartette  of  bright  stare,  may  be  treated  as  one.  since  they 

'  Evidenc;];  Analogoiu  ii  H&le'd  nsiilt  tint  thft  liara  Rnt  reiTAnHl  in  ractiUk 

nptt^tn  u-e  tin  moat  rcfrbuj^bln^      Astrofih.  Jimiti.  i/6\.  tv.  p.    2*^7. 
'  A.  C,  Mftury,  Harvard  AAtmia,  vol.  ii:niL  p.  104. 
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shizie  with  eensibly  llm  aume  quality  uf  light,  while  bbeir 
atvircclj  visible  BSBociateQ  givo  mdrnticfUB  negli^blc  in  atnount. 
Host  diificult  queetions  ftriso  in  att^mptin^  to  decide  upon  the 
tnie  natoire  of  the  trHpeKium-spectruni,  Thi*  prevalent  view 
ab  first.  wa8  thuL  the  ata.n  were  of  the  ordiiktiry  durk-Une 
beliam  type,  bright  liuee  coming  iii  here  and  there  simply  as 
proje4:tioii3  from  the  onormous  volume  of  goaceus  etufT  ititcr- 
posed  between  the  eye  and  the  Qtelliir  nucleus  Df  the  fotxEia- 
tioiL  But  tire  opinion  was  grounded  on  superficial  evidence, 
and  lias  not  held  its  ground,  Some  lines,  bright  in  the 
nebula,  rvfi/jfe  to  cros^t  the  thin  strip  of  (^ouLinuouH  light  dut' 
to  the  star;  they  stop  short  on  one  side  of  it,  and  rerorm  on 
the  other,'  the  two  aectiona  being  divided  by  ti  narrow  gap 
of  absorptiotL  Thia  proves  thEit  the  nebular  rays  do  not  in 
all  eusea  show  bright  apainBt  the  bjickground  of  eontiuuous 
Btellar  light.  The  very  strongest  may  do  so;  but  it  U  juBt 
possible  that  Li  Lhein  the  tippeorance  is  illimory,  and  d\ie  to  a 
kind  of  irr&diation. 

There  can,  on  the  other  hand*  be  no  reiutonuble  doubt  that 
the  trapezium -stjLra  have  bright  lines  of  their  own.  But  they 
are  pet^uliar,  and  peculiarly  conditioned.  A  spectrograph 
taken  by  Sir  William  and  Lady  Huggins,  5th  February  1 883  * 
proved  to  be  eronaed  in  the  ultra-violet  by  at  least  four 
groups  of  fine,  faints  bright  lines,  derived  piimarily  from  two 
stars  of  the  trapcEium,  but  extending,  througti  their  inHuence, 
as  it  were,  some  little  way  into  the  adjacent  nebula.  Their 
origin  is  problem ^itie-i I ;  they  have  not  been  recorded  elee- 
wherf  :^  they  have  beeu  only  jwirtially  verified  on  later  Tulae 
HtU  pLitee.  Yet  the  original  negative  eurrivcA,  and  its 
examination  baa  convinced  aeveral  experta  of  the  rtality  of 
the  curioiia  script  read  from  it.  Conviction,  however,  on  tuch  a 
poiBt  IB  apt  to  nhare  the  dim  charaeter  of  gloaming  phenomena 
— phenomena  on  the  border  between  the  Been  and  the  not  aeen. 

But  there  m  more.  WiUi  refined  apparatus  the  sami^ 
observers  sucteeded,  in  1894  and  aubseqiiently,*  in  eeparately 

'   Ke'?I<'r.  Ailt^.  and  Aatrophyiicx^  vq\,  xiil.  |>.  K^'&.     The   h«]iaru  liae,  \A<Vi, 
ia  BpcuiiLlI^  ducribvJ^     i)  la  brifcht  id  tLt  OHod  uebul*,  dtrk  id  all  Onou  atuv. 
^  /Vt*:.  fiifiiai  (Spcicfw,  v<fL  iM,  p.  11. 
'  CAiu|ibcU.  Axir-  A-ad  Aiirvfh.  fvL  liil  J).  S97. 
*  Camptrt  Rrndut,   lUh  Oct.  I8»7  :  A/t^f^jA^  Jbsim,  Kil.  rv.  p.  S22 ;   AiStaof 
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pbotc^T&phtng  three  of  these  remarkable  spectra,  and  they 
were  bow  perceived  to  be  rich  tbrougheut  in  bright  and  Jark 
liDt«,''with  the  sjieci^l  character  atrouglj  luflrked  of  bright 
b&n'la  aeeociated  witli  correflpocding  dark  abBorption  hnea'' 
Most  amgular  of  aU,  the  rcktivc  poaitioDB  of  thcfic  bright  aad 
dark  LiBee  were  found  eubjoct  to  change.  Hydrogen  radialimB, 
ior  iDstance,  which  m  1894  lay  on  the  blue  sides  of  the 
absorption  stripes,  hiy  in  1897  ou  their  re(lwMrd  matgina, 
This  might  h^-  explained  ou  the  hypotheftia  of  orbital  move- 
ment by  Hupposing  each  etar  of  the  trapezium  compoeed  of 
a  dark'line  and  a  bright-line  member,  the  spectra  of  which 
ai-e  periodically  Hliifted  througLt  tho  ulteraationfi  of  thair 
velocities  in  the  line  of  sight.  It  remaina  to  be  seen,  however, 
whether  or  not  the  shtftingB  are  periodical;  for  by  this  oqb 
condition  the  explanation  Rtanila  or  falU. 

So  far  as  their  absorption -elements  are  concerned*  the 
Btan?  of  the  trapezium  1>e]ong  to  the  earliest  variety  of  thQ 
Orion  type.  All  the  llnce  are  wide  and  difiiiBe,  and  the 
Btrongeat  are  members  of  the  Pickering  series  of  hydrogen. 
Rydberg*a  Beiien — if  we  may  tall  it  ao  under  reaei've — ia 
reprc«'ntcd  by  the  pi"oiniiJent  reversil  of  its  solitary  lay  at 
\  4G39.  Mr.  McCIean  recognised  oxygen  abaorption  in  theee 
BtOTfi;  Sir  William  and  Lady  Huggins  identified  niti^ogeo, 
eilicium,  and  titaniimi,  and  the  calcium  K  sJiows  both  bright 
and  dark.  Few  sidereal  objects  combine  so  many  poiBta  of 
intereHt  ah  the  multiple  star  at  the  heart  of  the  great  nebula. 
The  origin  and  meaning  of  t)ie  ihrongH  of  delicate  rays, 
here  jiiet  tantalising  vision*  preesingly  ijivite  I'CKarch  ;  nor 
less  the  manner  of  relative  dieplocemenl  exhibited  by  the 
bright  and  dark  coupled  linee.  Do  they  betnty  a  circulatory 
period  ?  And  if  so,  is  it  the  same  for  each  member  of 
the  group?  Or  do  they  rather  form  independent  syatems,  iii 
subordimition  to  a  liigher  acht;me,  completing  itself  in  the 
long  leisure  of  many  millenniums?  Other  ptoblems  cuggeet 
tliemeelveB  in  immediate  connection  with  those  stars  :  not  is  it 
impossible  that  they  may  be  proposed  over  agEin,  perhaps  in 
u  inot!ifi<*d  form,  by  the  multiple  stellar  nucleus  of  the  Trifid 
2fehula  in  Sagittarina  But  inHtrumenta  of  no  ioBignificant 
hght-powur  will  be  needed  for  the  aatisfactoiy  examination  of 
its  spcctnim. 


HELIUM  STAKS  WITH   BRIGHT  LINES        233 


In  ono  other  star  besides  $  Orionia,  tbe  ehiftiDg  of  bright 
hydrogen  lines  occuifl  irreapactivelj,  to  jlII  appearance,  ol 
binary  TCToltition,  Spectrosc^opic  duplicity  was  &t  first 
naturally  attribtited  l>j  11  Mouowrotiti  when  itfl  pefuliar 
charaflar  discloBed  liseM  ou  the  Hurvanl  pUte&  Thus  in  l\\\^ 
years  1683-90  the  dark  F  of  hydrogen  h^  an  illuminiit^ 
border  lying  redward :  it  was  on  the  blue  aide  in  1391-93,* 
We  are  not  ialbrmed  whether  it  h^  eincu  changed  its  poaition ; 
but  any  attempt  to  impose  a  period  upon  alteratione  so 
Hpaamodical  would  evidently  be  hopeless.  IJke  6  Ononui. 
II  ^rfonoGerotis  (  =  ^  919)  is  coinpound  tt  conaiata  of 
three  atars  of  about  fifth  and  sixth  magnitndeB,  which  have 
m&mtained  a  stnct  relative  immobility  since  HeTEchel  divided 
them  in  1781-  Xh^ir  epectr^t,  photo^Jiphed  as  one  by 
Pickering,  were  aaparai^Iy  examined  by  Camjibell  in  1894.^ 
He  found  two  of  them  to  include  the  brilliaot  red  ray  of 
hydrogea.  while  it  was  absent  from  the  third.  Presumably, 
then,  only  two  of  the  trio  are  bright-liiiti  stars,  and  it  may 
bo  that  in  these  twoi  significant  ditfereuciis  in  the  mode  of 
<;mi9aioD  will  be  brought  to  light  by  detiiiled  and  syetematie 
investigation. 

The  swin]^  of  the  briglit  lines  observed  in  6  Ononis 
find  11  Monocerotis  is  extremely  uncommonp  In  general, 
a  fiiod  itrrangemenl  prevails,  and  it  is  of  two  alternative 
varieties.  Kither  the  bright  linee  centrally  divide  broader 
dark  bands,  as  in  ^  CasaicpeiiBi  or  the  bright  and  dark  lines 
are  bracketed  in  pairB,  the  bright  below,  the  dark  above,  a^  in 
P  Cygni. 

Father  t^eochi  a  notice  of  7  (Ja«siopeife  ns  a  gaeeoua  ntai- 
to  1866,  He  noticed  the  vividness  10  its  spetlrum 
y,  and  D^,  but  the  helium  line  has  not  aince  held  ita 
vwn  with  the  others.  It  is  subject  to  prolonged  extinctions: 
nor  is  it  cert^iia  that  even  ihe  hydrogen  ruys  alway»f  keep  ii]i 
the  same  standard  of  brightness.  Thf  vanability  of  the 
^ipectruM  will,  however,  be  discussed  later  in  conne<;tion  with 
other  similar  instances;  here  we  have  to  do  with  its  funda- 
mental character istJCK.  The  hydrogen  lines  in  7  Uaseiopela^ 
are  doubly  reversed,*     Wide  absorption  bauds  are  divided  by 

^  Jtinph.  J^ntrt.  rol  iu  i«h  180.  '  A.  C.  Uinrj,  'w,  frf.  pp,  49,  100. 
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narrower  emiaaion  bands,  and  these  ogcLin  by  hair-lines  of  dark' 
neBR.  Their  strut^ture  la  uualogDus  hi  that  of  H  nnd  K  in  the 
eokr  9pectr\im.  The  radiatioaa  fall  oflT  m  inteusiby — as  Oamp- 
beU'e  rule  preecribee — -with  diminiehiiig  wave-length,  while  the 
AbaorptioDEi  ^in  in  the  ofime  proportion.  F  ie  "  euperlativcily 
bright " ; '  He  is  neutral ;  no  bright  lines  have  been  photogr&phed 
in  thfl  nltra-violet.  The  helium  lines  are  dark,  with  occaflional 
fixcepbioDs;  hub  the  green  nnd  blue  magDeaium  linee  i^hine  hy 
direct  emiBsioii,  and  Father  Sidgreavea  recogniaea  as  a  probable 
vanadium  line  u  strong  djirk-bluc  ray  (X  4586},  which  oeema 
to  flu6tiidte  in  brigbtnesa-  Another  reroarkable  ciroumBtoDce 
relating  to  this  star  is  the  recent  effacem^nt  from  ite  spectrum 
of  the  sign*  of  Hodiunj  absorption  formerly  viaiblo  in  it 
They  btive,  at  any  latej  eacaped  uutititj  mtce  Von  Koukoly*n 
record  of  15th  September  1884."  But  the  immense  rogue 
and  value  of  spectrography  have  tended  to  reduce  to  a 
toioimum  the  attention  bestowed  upon  the  lower  spectrai 
sections,  And  thus  unduly  to  incline  the  balance  of  observa- 
tion. The  8tndy  of  y  Oansiopeie^  might  alone  furnish  a  not 
inadequate  task  for  a  well-equipped  observer.  Only  individual 
euthusiaf^m  is  likely  to  deal  eucceeafully  with  the  baflUng 
problems  it  preaenta  SpeotrjU  variability  ia,  iu  its  ooee, 
accentuated  by  perfect  photometric  constancy.  The  star  ifl 
steadily  of  23  magnitude.  It  is  purely  white  in  colour,  lies 
immersed  in  the  Milky  Yfaj,  and  has  no  measurable  pirallaK. 
Its  real  rdi^  and  splendour  are  thdu  inefitiiuubly  greaU 

The  spectrum  of  P  Cygni  is  not  known  to  vary>  although 
the  star  itaelf  was  reckoned  ti  "Nova"  on  iti*  diecovery  by 
Janson  in  L600,  and  by  its  capricious  emergences  earned 
from  Huygeas,  half  a  century  later,  the  title  of  the  "  revenatUt 
of  the  Swan."^  Finally,  it  settled  down  to  fifth- magnitude 
brightness,  which  it  seems  disfiosed  iude£nitely  to  retain. 
Ite  epectrum.  shows  an  approximately  complete  set  of  br^ht 
and  dark  hydrogen  nud  helixim  rays ;  but  in  their  arrange- 
ment into  couples  jiixtapi}sitwn  replaces  suptrposition—th&t 
is  to  say,  the  bright  lines  are  in   their  normal  places,*  while 


>  8id(;nMir«H,  MontA/y  Iv'oliae,  voL  He.  p.  G06. 

^  0  Ojfalfit  Btijtf-  Bd.  viL.  p.  14.     FcrEcplsr'fl  iai tare  to  perm itb  D^nbMTptioa 
«oe  A»J/,  Paci^  StKiety,  toI.  t.  \\  80-  ■  5^£ont  cffth<  Stars,  p,  70. 
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the  o*>rre8poiiditig  dark  ones  are  ahifted  upward,  fis  if  by  rapid 
motion,  tc-wurds  the  py*^.  liut  there  can  lie  co  real  question 
of  motion,  i^tuce  the  relation  peraihtrt  witliout  change  year  after 
year.  Nor  can  it  be  explained  on  tlie  preadure- principle  oi 
altered  rcfrangibiiity.  The  action,  if  cjccrtcd  at  'lU,  woiUd  be 
of  the  oppOBite  kind  to  that  obsei'ved  The  dieplacemeutfl  in 
the  spectrum  of  P  Cygai  are  towards  the  blue :  if  due  to 
pressure,  they  should  \t^.  toward*  the  red.  The  phenomeuoD 
of  tphe  relative  diRpiaceiiittDt  of  bright  aud  dark  lines  in  Ihfi 
same  dpectrum  is  oue  of  the  most  interesting  in  stellar  physics, 
and  has  n^ceived,  up  to  the  present,  no  adequate  Gxpluuaticii. 

The  absorption  lines  in  P  Cygnl  arc  much  sbarpcr  and 
narrower  thau  in  y  Cassiopeiav  Those  of  calcium,  magnedum, 
aud  Midium  are  at  once  apparent,  actd  B^<lopo1sky  a«!ribea 
m»uy  of  the  remainder  to  nitrogen. 

The  apectrum  of  the  great  southeiu  variable,  if  Carinie, 
reeemblee  that  of  P  CJjgni  by  its  inclusion  of  many  bright 
lines  Bbo^dowcd  by  dark  ones  on  their  blue  sidea  It  baa 
been  photographically  studied  by  Sir  David  GJU,  Mr,  McClean, 
aud  Mies  A.  J.  Cannon.^ 

Among  flturH  nearly  related  tpO  y  Oasain^ieiie  may  be 
mentioned  ^  Perse;  (4'2  magnitude),  u  Oygni  (4'4  magui' 
tnde),  a  CoLumbfe  (27  magnitude),  S  and  fi  Ceutauri  [2'3  and 
3'4  miignitude).  Bright  F  wiia  detefited  by  Mr.  Eepin  "  in  the 
spectrum  of  the  star  in  Perseus,  and  was  found  by  Campbell " 
to  be  accompanied  by  a  much  brighter  C  The  total  absence 
nf  K  in  Aurprifliug,  but  may  not  be  permanent  if  the  spectral 
variability  mispected  at  Potadara^  be  substantiated.  In  v 
Oygni  there  appear  to  be  double  reverBals  of  helium  as  well 
as  of  hydrogeu.'*  Of  a  Colurab*  it  is  only  known  that  F  ia 
a  broad  dark  line  bisected  by  a  uarrow  bright  oue^  The 
spectra  of  the  two  atars  in  Centaur  are  thought  to  be  almost 
identical."  Hydi-ogen  emiaaions  in  them  are  strong  and 
numeroua,  but  none  others  have  been  recognised.  The 
helium  linee  are  all  dark ',  metallic  Lnca  are  inconepicuoua. 

Bright  hydrogen  and  helium  linea  seem  lilcc  relics  of  past 


'  Adr,  and  Aitrvpk,  voL  Jiiii.  y-  ISA, 
*  Froft.  Aainph   Joum.  ml.  x,  |>.  Mfi.  '  A.  C.  Mjioiy,  inc.  nC.  p.  Iftl. 
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GonflAgration&  In  a  few  caaee  we  know  them  to  be  aoeh,  and 
it  is  poesible  that  in  all  they  have  the  aame  implicationB. 
For  any  of  these  stars  maj  have  undergone  prehistoric  vicis- 
Hitudes  of  liutre,  after  whioh  they  would  have  settled  down 
into  stability ;  although  the  reourrence  of  auoh  incidents  in 
the  future  can  alone  afford  secure  grounds  for  inferring  that 
they  diveraified  stellar  biographies  in  earlier  timea  Bright- 
line  helium  stars  are  for  the  most  part  situated  in  the  Milky 
Way.  They  are  subject  to  the  influenoea  exercised  by  that 
strange  aggregation. 


CHAPTER   X. 


WOLP-EAVET    STABS. 


A  VERY  rentarkaM?  star  was  described  by  Professor  Pickering 

111  1896.'  Thnmgh  the  mtasurenjent  of  it«  ubwirptiou  liniiH 
a  compamon  hydrogen  seriea  to  that  already  kuovm  woa,  for 
the  first  time,  recognised;  i^'hile  both  the  Wolf-iiayet  bauds 
in  the  azure  ehowod  in  it  by  diivot  dmiesion.  Only  the 
presence  of  a  djtrk  K  oblif^ee  xis  to  sepante  f  Puppis  from 
Wolf-Bayet  stfira  proper,  nnd  to  cnnaider  it  qb  a  linking  in- 
atancf?  lietwiMiEL  them  and  helium  stairs  of  th<^  eA^^lie^t  Auriety. 
Juflt  this  trace  of  calcium -absorption  differentiates  the  hybrid 
dpectrom  of  the  Btar  in  tht?  Poop  from  apcctra  of  Ctasa  vIuh, 
which  include  no  legible  metallic  tmpreasione.  Their  abaenoe 
ig  of  eapeciiil  importance  aa  eitendinp  to  nebtiij^n  Nebular 
chemistry  is  entirely  non-metaUic 

The  Pickering  sciies  in  Wolf- Ray  el  stars  is  not  infre- 
quently bright  in  ile  lower  members,  submerged  by  absorption 
higher  up.  The  bands  in  the  blue,  on  the  other  hand,  are 
Always  bright.  They  fona  a  multiple  group,  the  mutual 
relations  of  which  awuit  more  complete  diflGTJlaoglement.  The 
lowest  memlier  is,  ot  may  be,  the  *'  fundamental "  of  Itydberg's 
hydrogen  «eriea  al  X  4ti^^  YeL  the  circmnatanoe  that  it  is 
not  really  solitary  tends  to  diacountenance  this  identification.^ 
The  "  lazulile  "  ray  at  X  465  is  never  entirely  effaced,  and 
Campbell  hits  provided  it  with  several  associates  of  still  t^bortet 
wave-len^thH.'  Some  of  these  fall  snsptcioualy  near  nitrogen 
lines.     The  pHisibility  is  not  then  excluded    that  all    these 


^  ^itCrofiA-   JiiUffi.    vol.    is.   p   Sffff. 
*  JfO:  and  AUrevJi.  fol  xtii  p,  IftT, 


Far  ■    list   uf  aiuldgciw  nt^i<ct4  tve 
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e&igmaticol  blue  effluenoeB  may  be  the  joint  produoU  of  glow- 
ing hydrogen  &ttd  nitrogen,  although  this  view,  like  every 
other  that  can  be  propoHed,  U  beset  by  serious  diffiiiultiea. 
Among  the  less  lefmiigiLle  uf  the  Wolf-Ftayet  bright  Uoea 
there  are  two  (at  abuub  X  569  and  559)  which  appeor  to 
coincide  with  royw  photographed  by  Pro  feasor  Hale  in 
ciLrbon  Bi&rA.  Neither  hiia  been  chamicully  interpreted.  One 
of  tbem,  the  greeniah  or  •'  oitron  "  line  (X  569),  seems  in  some 
way  ojrreljtted  with  the  blue  hand  at  X  4-65,  A  more  definite 
uinnmLiuji  can  be  tntced  between  the  latter  and  the  yellow 
line  at  X  5SL  They  are  emphaeiaed  in  the  wme  etars,  whiJe 
the  brilliancy  of  the  Kydbcrg  beam  at  X  469  iff  aocom- 
panied  hy  a  speeiEd  vivifying  of  the  green  Pickering  line  at 
X  541.  This  rnle  is  qaafii-universal ;  it  may  stund^  at  least 
temporarily,  aft  a  useful  prindpleof  order  amid  half-inteUJgible 
phmiLmieoa. 

Hydrogen  ia  nioab  diversely  imprinted  on  the  Wolf-Rayet 
Bpectra.  Its  hneu,  according  to  Profeasor  Campbell,  *'  have 
nearly  every  known  character.  In  many  of  the  stars  they  are 
dark.  Again,  they  are  dark  with  bright  bordi^rs,  and  ftuggeet 
strongly  that  they  are  doubly  reverHed  The  bright  hydrogen 
line^  Vitry  from  faint  to  very  bright,  from  monochromatie  liuee 
to  very  broad  bands,  and  from  thoae  clearly  single  to  thoee 
apparently  multiple."  This  eplitting-up  of  widened  linea  ia 
evidently  analogous  to  the  tripling  of  tlie  brilliant  hydrogen 
rays  observed  in  Mira,  and  once  more  recalla  the  possibility 
that  certain  pe<;uliar  RLellar  H|iectra  may  be  produL-ed  in  power- 
ful m&gnetio  Relds.  Helium  in  not  very  prominent  ju  spec'tm 
of  this  typo.  It  frequently  shows  by  emission  in  Dg,  and 
occasionally,  even  in  the  same  etar,  by  absorption  at  X  4472  \ 
but  its  display  is  sabordinate  to  that  of  other  known  and 
iiD known  elpmenta. 

The  grand  exemplar  of  the  Wolf-Rayet  tlasK  is  7  Ai^Ih 
([*^taa  7  Velornm),  a  star  of  2'4  mngnitudej  giving  a  resplendent 
spectrum  ablaze  with  yellow  and  blue  Lnes.  It  waa  first  eEfoc- 
tively  studied  by  Professor  Campbell  in  lS93-94,^  although  at 
the  Lick  Observatory  the  star  barely  attains  an  altitude  of  six 
degrees,  ai}d  can  be  observed  for  unly  a  few  minutes  on  any 
one  night-     The  main  facts  that  struck  hiin  were  the  brilliancy 

>  jtstrf^  Joum.  nl.  ii.  p.  177- 


WOLF-RAYET  STARS 


239 


of  0,  the  tr&nsilional  character  of  F,  and  the  unmitigated 
darknefis  of  all  the  upper  hydrogen  lines.  SLmiloiiy,  the 
mibiOiL  torm  of  the  Pickcriog  scries  at  X  541  shows  by  eniiaaion, 
the  reet  by  abaorptioo,  wMle  a  bright  D^  C4)ntra£ts  with 
a  trnmbeT  of  more  refraogiblQ  dark  associat«fi.  As  usual, 
both  blue  bands  are  visiblt^,  but  Lhi>  weight  of  radiation  fallR 
upan  that  of  Hhorber  ^ave-ltiiigth,  blie  Rydberg  line  being 
comparativelj  incouBpicuoua.  Miw  Uamjon  found  deveni]  of 
the  hydrogon  linee  in  both  Bcries  to  be  dark  with  illutninated 
borders,  an  arraugemeut,  as  she  remarked,  the  mverso  of  that 
prevailing  in  y  Cassiopeije  and  its  allies.^  Mr.  McCIean 
rect^iised  oxygen  abwirplion  in  Uiia  atar,^  and  the  feature  la 
not  uulikely  to  provu,  on  fuller  iuquit^,  common  Ui  all  the 
members  of  its  claaa  The  abaence  of  H  and  K  is  more  than 
probable,  and  suggests  comparisons  aud  reflections. 

A  7'5  magnitude  star  in  Cygnus  (D,M. -f  43''  3571)  shows, 
like  y  ArgQHr  a  mixed  ftucx^easion  of  hydrogen  lines,  but 
modified,  perhaps,  by  double  raverBala.'*  With  the  Lick 
thirty-aijc  Inch  Professor  Keeler  perceived  its  specLrum  aa  "au 
extremely  camplioatod  range  of  absorption  bands  and  faint 
bright  lines."*  the  unusual  width  of  which  struck  both  him 
and  Professor  Campbell  Thus  the  azure  bands  actually 
overlap,  forming  a  single  indiBtinct  glow  one  Inmdred  tenth- 
nit^tre^  broad.  A  spectrograph  of  this  object,  tnki^n  by  Mr. 
Ellerman  with  tha  forty-inch  Yerkea  refraclor, ia  described^  as 
irolally  unlike  any  epcctrum  of  the  fourth  type.  Whether  the 
dissimilarity  is  of  a  nature  to  be  geueruliBcd  so  as  to  exclude 
all  idea  of  kinship  between  these  stellar  families  is  more  than 
we  can  tell  at  present, 

A  star  of  about  the  same  brightnesa,  distinguished  aa 
"  ArgeLiuder-Oelt^eu,  17.681,"  was  swept  up  in  Sagittarius 
by  Pickering  in  1881,  In  its  epectrum  the  golden  ray  at 
\  &81  and  the  Uzulite  beam  at  >.  465  pttMiominatHe  almost 
exclusively.  Vogel  could  see  no  others  with  the  great  Vienna 
refractor   in    1883 ;  *    nevertheless,    Campbell    succeeded,  ten 

'  ffitnani  AnnaU,  toI.  nxviu.  p.  247. 

*  Spuim  ffHautJum  Siari.  p.  lb,  PliU  uL 

'  Cwtipb«ll,  jiMts   dmrf  jtatrt^.   tdL    xiiL    p^   440;    ^tCroffi^    Joun.    voL   ii. 

p.  i7».  *  PiM.  Fuc  (ffoc-if'p,  PBi.  i,  p.  er 

^  lUle,  yatbea  Obttrv.  IltpDri.  ii.  p  d. 

•  m«**m/N.W.  No.  M.  p,  15. 
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years  Later,  iii  uieaauriug  tweuty  lirlgUt  lineH  in  thib  wotiderful 
spectrum.'  OnJy  one  among  them,  and  that  of  eecoudftry 
importance,  cciq  be  attributed  to  helium ;  hat  many  duo  to 
that  substance  may  be  intvluded  in  the  unexplored  absorption 
spectrum  ofA-O.  17,681/' 

A  aWr  of  6"4  magnilndc  in  Cnnis  Mnjar,  catalogued  as 
"I^ilande  13,412/'  shows,  im^toaid  of  the  unknown  blue  &Eid 
yellow  raje  at  \  465  and  X  581,  the  *'new"  hydrogen  linea 
at  X  469  and  X  641.*^  The  spectrum  includea,  besidee, 
more  refrangible  blue  band,  centred  about  \  461,  but  diifnae' 
and  divided.  Theae  mxiltiple  azure  effulgences  in  ihe  Wolf- 
Rtt,yet  stare  offer  a  problem  of  singular  interest.  They  poBseeVj 
uoue  of  the  Btritcture  of  genuine  tlutiugH ',  they  seem  apt 
aprcad  unsymmetrically.  Is  thia  an  effect  of  pressure  on  the 
emitting  vapour  ?  Or  does  it  ariee  &Dm  some  property 
inherent  in  it,  or  some  mode  of  lU'tioiL  ejcerted  upon  it  ?  Thd^ 
answers  may  be  long  postponed,  but  cannot  &il  to  prove 
interetiting. 

A  nnique  specimen  of  thia  class  was  photographically 
detected  iu  Cygnus  in  Ihe  course  of  the  *'  Draper  Memorial " 
flurveya^  It  is  extremely  faint — below  the  ninth  magnitude 
— and  wae  enrolled  in  the  Bonn  DurehmuBterung  aa  D31- 
+  30'  3639^  Nevertheless,  its  spoetrum  offers  more  than 
common  facilities  fur  exact  observation^  owing  to  the  aJmrpnes* 
of  its  component  rays.  Thirty  were  measured  by  Campbell 
in  1803,'  and  they  ioclnde,  with  many  common  to  the  type, 
several  that  appear  to  be  individual  to  the  etar.  The  two 
brightest  linee.  however,  are  F  and  X  569,  the  **  citron  "  Use 
strong  in  y  Argfts.  The  Pickering  and  Eydberg  series  are 
faint,  while  the  alternative  blue  band  at  X  465  glows 
intensely.  But  tbe  distinctive  feature  of  th«  star  is  that  it 
15  apcciroseopicaily  iicbfdous.  Obaetved  on  the  F-line  like  (t 
eclar  prommenee,  Frofceeor  CenipbcU  found  it  to  preaent  ft 
very  appreciable  disc/  which,  on  narrowing  the  slit,  beoame 

'  A&tr,  and  Aatrojjh,  tuL  xtii,  pp,  l^^O,  103. 

^  Citnjihftn,  Aa/r.  aiid  Jsiropft.  Tol  tiii.  pp,  *fifi,  458  i  Vicktritg,  AUr. 
Nacft.  Xa  302:) ;  Vugcl*  Poistici'n  FnbL  Ko-  M,  p,  17 ;  A.  J.  Cflnunii,  HamLrtf 
Atmafj.  vol-  xxv\h.  pp,  117,  249. 

■  PickerioR,  Aitr.  A*-A,  No,  298ft. 

*  Atlr,  mid  Aain^i,  voL  tiii.  p,  4tiL 

'•  Jhiit.  toIb.  liL  p.  Dla ;  titJ.  p.  IftU 
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reduced  to  a  line,  aa  shoWD  iu  Figure  20^     The  ie&gth  of  Ihui 

line  IB  about  5''  of  arc»  and  it  moii^ures  the  apparent  diameter 

of  the  incandeflo«tit  envelope  ol  hydrogen  wbieh  Gurrounds  the 

body    of    the  sUr.     Only  the    hydrogen  tinea  belmvi'    thtis 

exceptioimlly ;  oil  the  oUter 

Bpecrtral  rayn  nhow  as  mere 

bright  pointG  upon  the  con- 

tiniioUB  background,  which 

they  do  not   transcend  by 

a  h  air's -brendth.     Thai  ia 

to    say»    hydnogen    is    the 

oole  glowing  t^ll^titueTlb  nf 

the     enormouA     appendr^ 

revealed    by   ibc   powerful  applianoea  available  at   the  Liok 

Obeervatoiy.     It  baa  been  seen  aowhere  elae,  but  Kimge^  and 

Kaeler^  separately  verifit'd  its  exiateoce. 

There  are  a  few  circuinBt&nces  worth  noting  in  (^unetition 
with  thiH  eitraordinnry  ap^HVLnince,  Fii'st^  the  vant  spread 
of  JEcandeecent  hydi^^^eo  round  the  atar  haa  no  eETect  in 
tbickening  the  rc-presentative  linee  of  that  substanee  in  the 
star's  spectrum.  They  ore,  on  the  contrnty,  particularly  fine 
and  narrow.  The  enveiope.  we  can  hence  infer,  is  not  an 
atmosphere  ;  there  is  no  appreciable  downward  pressure  of 
its  wtrat*L  Agiiin,  it  must  be — in  the  ordinary  Bense — better 
thoD  the  photosphere  it  aurrounda ;  for  tbe  bright  linee 
emanating  &oni  it  are  not  revereed  where  they  croee  the 
pTiamatio  thread  due  to  the  nucletia,  aa  tbey  Bbould  be  if 
the  niuUeus  were  at  a  higher  teinperAtni^  than  ita  envelope. 
Fiually,  it  may  t>e  fHisaihle.  by  reflearches  into  tlie  jiarallax  and 
proper  motion  of  thin  star,  to  form  some  estiniate  of  its  actual 
diataoce,  and  consequently  of  the  r^  extent  of  ite  gaseoua 
BUTTouadinge.  Thus  might  be  opened  a  novel  hue  of  inquiry 
destined  to  lead  future  atudenta  of  the  akies  far  afield. 

The  chemistry  of  tbe  Wolf-Kayet  stars- — judging  from 
P&itial  iuterpretalions  of  the  disclosing  script — ia  nf  the  simplest. 
They  bave  aa  unfailing  constitueuta  liydrogen  and  helium ; 
oxygen  is  at  le&at  occauonalJy  pre«eut,  and  the  detection  of  uitro- 
geu  iDAy  be  ejipected  with  some  confidence^     Sir  William  and 

'   ^mr.  JV^mA,  Nu.  IM71. 

'  Ailnfp^.  Janni.  t«].  vilt.  p.  111. 
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Lady  Huggins  showed  in  1890  *  the  icadmiBaibUity  of  a  carbon 
origin  for  any  of  tbc  blue  bAnds,  imd  defined  their  poaitions 
by  exact  meftsurements.  Profeaeor  CampbelVe  observations, 
Tifiual  and  photographic,  of  thirty-two  members  of  the  class 
cx>ntribuUMl  inaL^rially  Lo  promote  jtupaiutance  with  their 
poculiaritiea ;  yet  they  BlimuLibed,  rathtr  than  mtiaGeil 
cmiositj. 

The  distributioD  of  thoae  objocte  is  Btrongly  Belective. 
They  are  virtually  confined  to  Ihe  Milky  Way.  The  rule 
ia  emphasised  by  its  apparent  exeeptions,  for  the  single 
npecimeu  of  the  ty^te  deviating  eonniderably  in  position  from 
the  galactic  p1au«  hsiR  proved,  ou  cloaer  iuqiiiiy,  to  be 
Bitoated  in  a  gtilactic  offset ;  while  the  twenty-two  grouped 
in  the  M&golianic  Clouda  belong  to  aggregations  of  tte 
g&lactic  order,  and  aubject  presumably  to  f^alactic  con- 
ditiona.  The  Milky  Way,  then,  and  the  Nubeculie  afford 
aualogoEiH  anil  eicluaive  facilitiefl  for  the  development  of  such 
bodies.  They  seem,  moreover,  to  be  provided  more  freely  in 
some  regiouH  thao  in  others,  fiince  the  objects  in  queetion 
tend  to  collect  into  knots  or  groups,  the  finding  of  one  Wolf- 
Bayet  star  baing  generally  the  prelude  to  additional  detections 
in  the  same  neighbourhood.  Yet  they  rarely  or  never  form 
binary  combinabionn.  They  are  loosely  asfiociateil  without  ajiy 
suggestion  of  mutual  ciicubtion.  Nor  hjLS  any  of  them,  m 
far,  given  signs  of  spectroscopic  duplicity,  Thoy  arc  singularly 
steady  light  -  givers.  No  Woif-Rayet  atar  ie  under  the 
slightest  suspicion  of  variability.  Atmospheric  incandescence 
on  the  lyrgeal  scale  ia  compatible  Jo  them  with  the  perfectly 
uniform  working  of  airaagenientw  Tor  the  transffcrence  of  heated 
matter  from  the  interior  to  the  ^urlace  of  the  radiating  bodies. 
Considering  the  frequent  and  extreme  instability  of  many 
bright-line  stars  of  other  varieties^  this  fact  can  hardly  be  too 
sbrenuonsly  insisted  upon. 

^  TVoc  Jional  Society,  vol  tXix.  p.  83. 
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Thk  more  cloeely  we  Btudy  tbe  pheaoiaeott  of  bright  liuott  in 
etellar  spectra,  the  more  fully  eoavinced  we  become  that  no 
single  or  simple  principle  iivaib  tu  explain  Ltiem.  Tbej  are 
evidently  producad  under  Faried  cin^uiimtunusn,  at  difTereuL 
elevutioua  ii.bove  tbe  i^tell/ir  pbotospharas,  and  m  manifold 
fonua  of  conudotion  witii  tLo  ^j  accent  abeorbunt  lay  era 
Hoviewing  rapidly  the  chief  typoa  of  emissive  8pdctra,  we  can, 
to  eome  extent,  gather  their  implications. 

The  nTif  qiui  tiif/i  fi^r  Lh«  diapky  of  bright  llaee  ib  the 
presence  of  a  HtrHtiun  in  the  star's  atiaaephere  oulehining  the 
pliotosphere.  The  difficulty  in  indeed  very  great  of  attribute 
iug  thifE  superiority  iu  brightneae  to  a  superioritj  in  teinperji- 
tu«;  but  it  oan  be  evaded  by  the  use  of  Wiedenuuui's 
convenient  term  "  luminesce  nee/'  signifying  &  atate  of  glow 
nucoDilitioiied  iji  the  strict  nenee  by  heaL.  The  ratjouale  uf 
"  luminer^cence  "  i&  still  uncertain,  but  the  introduction  of  the 
new  idea  it  represents  marks  ^u  important  deptirture  hom  the 
old  groo7Q  of  thought.  Now  we  can  trace  two  modeti  of 
emission  in  the  sun,  faintly  indicated,  it  is  troe,  but  instructive 
AS  being  witbin  reach  of  comparatively  imm^diat^  study.  In 
the  first  place,  some  of  the  Fr^iimhofer  lines  seem  to  be 
relieved  agalnat  va^^ue  effuniund  of  Ught,^  urigiuutiug,  almOHt 
certainly,  beneath  the  reversiug  layer,  among  the  intersticea  of 
the  photospbetic  cloudti.  In  the  tiocond  place,  the  violet 
ealciiun  linen,  auJ  occuaionally  one  or  two  lines  of  hydrogen^ 
tae  doubly  reversed  in  the  chromosphere.  Both  kinds  of 
eJfbot  are  reproduced  in  stellar  spectra. 

1  JvvdU,  ^ttryih,  Jaum.  vol.  iiL  p.  99. 
2i^ 
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CjirboL  stara  show  bright  Hnew,  wliiuh  may  lie  d^crilied 
^  {^hroinoHjihr^ric ;  Llii?  gaaes  emitiiui^  Lhf^iii  surmount  tlie 
vtipours  generating  the  uotred  dark  biDdfi,  Moreover*  these 
mys  a]>pear  to  be  simplo  atid  uncoiDpo^nded  of  bright  und 
dark  elemente  ;  tliey  are  not  perceptibly  aSkitcd  by  reversale 
or  ftbsorptioDS^  The  Gamo  may  be  said  of  tbe  bright  lines  in 
Mira-variaMetL  YeL  the  locality  of  their  origin  is  widely 
different-.  They  are  essentially  photoapheric  and  deep-seated, 
flhinJLg  from  beneath  the  dusky  flutiogs  they  diversify.  The 
Loading  ehamet^riBtic  of  bri^ht-liue  helium  stars  is  the  duplica- 
tion of  tlieir  e|>ettrfl-  The  vivid  rays  have  dark  companions. 
And  thia,  noD  thi-ou^'h  the  optical  Ronjunetion  of  two  distinct 
bodies,  hut  as  the  result  of  physical  conditions  prevailing  in 
a  single  globe.  In  such  etars.  then,  there  are  complex  strati£- 
cationfl  of  emitting  and  reversing  vapours  diveniely  affected, 
we  cannot  ttiU  hovt,  by  hoat,  pressure,  magnet ianij  or 
electricity.  The  gradual  penetration  into  the  secrets  of 
nature  that  must  accompany  iheir  study  ofTera  an  enticing, 
and  a  far  from  hopeleBS  iiroepect  to  t!ie  rising  generation 
of  aatrophysicists.  But  it  will  involve  an  indefinite  ex- 
penditure of  time  and  labour.  The  coaditiona  of  bright- 
line  production  in  Wolf-Rayot  stars  are  extremely  bard  to 
define-  They  probably  vary  greatly  in  individual  speoimenR 
The  state  of  some  jirobahly  resembles  that  of  helium  stars 
ahowiug  analogous  symptoms  of  gnHeous  incandescence-  The 
corresponding  reversals,  however,  are  leas  emphatic,  and  have 
indeed  been  rather  auapected  than  percoiveA  Other  members 
of  the  Wolf-Rayet  cl^iRS  (for  Campbeira  star  prceumably  has 
fellowa)  possess  vast  gaseous  envelopes,  uniformly  glowing. 
and  scarcely  arresting  Ugfit. 

Ah  to  the  tliKorj'  of  bright  lineh  in  stellar  epectra,  it  is 
only  certain  that  they  testify  to  a  real  excess  of  incandescence  in 
certain  layers  of  the  stellar  atmoapheree.  They  are  not  optically 
created  by  the  coneentratjon,  through  distance,  of  far-reaching, 
cool,  gaaeoua  appurtenancea.  This  is  proved  by  the  example 
of  the  sun,  by  the  study  of  Campbell's  star  in  Cygnus.  in 
which  nut  a  cool,  but  a  strongly  glowing  appurtenance  ia 
actually  visible,  and  by  the  pheBomena  of  spectral  variability, 
totally  inexplicable  ou  the  view  that  mere  extent  of  gaseous 
BUTToundingK    is  competent  to  produce    bright    lines.     It  is 
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much  easier,  however^  to  deny  than  to  afOrm — to  perceive 
incongniitiefi  with  fact  than  bo  trace  the  lines  of  a  true 
hypotha^iH.  Tttis  uiniirkt  lie  <foue  ulT-hand ;  much  prelimi- 
QiLTj  toil  must  be  ondi-rtakmL  Of  prime  Det^eeatty  in  tha 
contmuouB  study  of  the  auu'a  facular  raya,  of  their  origin- 
ftting  conditions,  their  dipplacementB,  tht;ir  periodic/J  clincj^. 
Laboratory  iuquirieH  will  proceed  fiimultaueounly^inquiriefl 
iato  the  nature  of  "luminescence"  into  the  temperature  of 
mditttiog  gu^4ex,  intu  ibE?  spectral  i^fleclK  of  varied  mode^  of 
electriuil  tllumiiiation,  all  which  topics  may  demand  aub- 
terfuges  of  treatment  not  yet  easily  imaginable.  But  need 
will  atimulate  inveution,  and  knowledge  will  advance  along  the 
arduoui4  ways  by  which  alone  future  progress  is  pomible. 


CHAPTER    XIL 


AWIMALOUS    AND    VARIAHLB    3PKCTK1. 


A  SMALL  proportion  of  stellar  apectra  ahow  marked  iDdividuAli- 
tiee ;  they  differ  notably  from  the  recoguided  types,  and  may 
help,  by  their  very  divereity,  to  elucidate  Iheoi.  Some  belong 
to  etars  variable  in  Lj^ht ;  oiobL  are  probably  incciDstatit  id 
their  pet^uliH^ritiea ;  ijont  hiLVe  an  yet  returived  the  pereisteDt 
attention  that  they  deserve. 

The  ■*  comet  varittble,"  II  Geminorum,  was  hiat  observed  by 
Vogel  ill  1874,^  and  then  not  to  the  beat  advantage,  A 
maTciiniuu,  at  which  the  star  roue  somewhat  above  thi^  seventh 
magnitude,  oceiiired  7th  April,  and  during  a  month  previously 
dark  and  bright  bundn  were  diHtinguJBhable  iu  ita  »^pectruin_ 
Repeated  nitMiauremeut^  proved  the  latter  to  coincide  in  position 
with  the  dusky  colonnade  in  faiirth-type  stars.  They  were 
due,  quite  unmietakably,  to  the  direct  radiations  ol'  carbon. 
The  variable,  in  other  words,  glowed  with  a  light  funda- 
mentally the  same  in  quality  up  that  of  a  comet  approaching 
perihelion.  Nu  hydrogen  or  Iieliuiu  lines  seem  to  have  been 
present;  hut  the  strong  yellow  ray  located  at  X  581  must  be 
identified  with  the  Wolf-Itayet  line/"  specially  associated,  as 
we  have  eeec,  with  the  laziditt'  hcnd  at  \  465.  It  wdl  be  in- 
teresting to  learn  whether  the  same  connection  Biibaista  in  the 
variable ;  but  some  years  must  elapse  before  any  kind  oF  new 
infotumtiori  regarding  it  i^iti  be  obtained.  -Tunt  at  present 
the  star^  in  its  bright  phases,  ie  too  near  the  E^un  for  purptiaea 
of  useful  research,  and  its  period  of  ^370  days  differs  so  LiUle 
from  a  year  that  the  conjunction  paecee  off  with  extreme  alow- 
The  minima  of  this  curious  variable  carry  it  to  the  very 

Aatr,  Ntuh.  No.  ^QOD.  "  Proat-^beinvr.  Aatr.  Sy^roMpv,  p.  8fi8. 
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verge  oi  extdnctina,  below  E>be  range  of  ordinary  telescopes. 
The  cittempt  has  not  ^et  been  made  Uj  keep  it  in  view  with 
those  of  Urge  apertiiie. 

A  atar  cApriciousl^  variable  both  in  tho  kincl  and  io  the 
quantity  of  ite  Ught  was  discovered  by  Pigott  in  1795. 
Usually  almost  tonstant  at  the  sixth  magnitude-,  R  Coronas 
ifl  liable,  at  intervale  CMJunted  by  years,  to  lapwe  into  obacurity,' 
vari^  by  flparanodii:  efibrlfl  towanU  i-eojvery,  «aoh  trisiH  of 
instability  lasting  many  months.  The  spectral  fluctuations 
of  the  star  seem  unrelated  to  its  changes  of  brightness. 
They  were  first  noticed  by  Mr.  E^pin  in  1S90,  but  bo 
far  hare  not  been  very  clearly  defined.  Migrations  irom 
type  to  type  are  somewhat  vaj^ely  indicated;  their  reality 
would  involve  so  much  tluLt.  in  novel  and  HUipriHiug  th&t  it 
Ciin  only  be  admitted  on  irrefragable  evidence.  On  14th 
September  1890  -  the  apectmm  appeared  of  Type  iv. ;  it  was 
interrupt^  by  obecuris  bonds  held  to  be  those  of  carbon 
absorption.  In  April  1893'  bright  lines  and  nondeseript 
dark  l>andn  alternately  ^tood  out  to  view  and  beijame  efFaeod ; 
and  ou  4lh  May  1^99*  a  MpecLrum  ruaembling  that  of  the 
Bun  had  established  itaelf.  Mr.  Eeptn  is  convinced  that  a 
double  light-Bource  lb  in  question,  and  that  the  observed 
ehanges  are  07cplie4ble  by  the  conJunetioDB  and  elongations 
of  revolving  stars,  giving  contrasted  spectra ;  but  unless 
they  can  ho  brought  into  i^oufonuity  with  Home  time-regimen, 
such  an  bypoLhesia  is  eviJeiilly  inapplicable. 

The  apectrum  of  a  star  in  tho  Shield  of  Bobicaki  is  probably 
analc^oua  to  that  of  K  Corona,  but  the  suspected  variation 
IB  not  from  the  fourth,  but  from  the  third  to  the  Becond 
type.  In  August  1890  Mr.  Espin  derived  from  R  Scuti 
a  set  of  faint,  handti,  modelled  to  Fill  appearunce  im  those  of 
Mira  or  a  HerculLs;''  a  glimmer  of  bright  lines  in  the  blut^ 
and  riulet,  however,  betrayed  unusual  ciiaracteristics,  com- 
pletely drowned,  like  the  concomitant  libsorption,  in  the 
flood  of  continuous  light  accompanying  and  occasioning  the 
maximum    in    October.      Le^s    than    two    yeara    later,    25  th 


MtmiMf/ ^otica,  vol,  li,  y.  li^  Krii^r,  t^o^  dcr/ar^is.  iTto-iWa  p.  81, 
'  AwlT.  ifaJL  Ho.  S^O-  '  Fhid.  Ko,  aWS. 
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June  1892,  Hr-  Kniger  found  the  Bpattnim  rlefimtelf  soUr, 
the  &-grr>iip  of  niAgDe«iun  being  particularlj  duitLiDcl,^  R 
Scuti  never  sihka  below  the  ninlrh  magnitude.  It  ifl  then  a% 
all  timcfl  fihirly  accessible  to  exthct  investigations,  wbich  fihould 
Berve,  without  mu^h  ditficulty,  to  fix  the  true  nature  of  this 
Btill  eait^utieal  object.  The  mode  of  «pe«^tia]  vari&bLlitj 
which  it  eiemplifiea  is  not  gfciierally  accdunted  as  poeaible  by 
those  who  undertake  to  duKiusH  the  intriiiflLe  subject  of 
stellar  development:  this  could  hardly,  indeed ,  be  dealt  with 
on  the  old  lines  if  tlie  auapected  pheDOincnon  prcved  to  be  an 
unquestionable  itict. 

Spec'Cml  and  luniiuouB  variability  are,  in  certain  stais, 
iQReparablj  connected.  With  increasiag  light  the  hydrogen 
linee  brighben ;  with  ebbing  light  Lhey  fade.  A  commoti 
cau^  evidently  governa  the  two  kinds  of  change.  Thia  clofie 
correspondence  is  observed  only  in  periodical  objects  of  th6 
Mii^a-claps.  Variables  of  a  less  regular  tyj.ie,  such  aa  R 
Coronee,  fluctuate  apectrally  in  apparent  disregard  of  their 
light -vicissitudes  ;  while  yet  a  tWird  deKeription  of  Hpe^^t^o- 
scopic!  variables  are  eseiupt  from  thi-  least  suspicion  of  iii- 
etabiUty  in  brightuesa.  A  conspicuous  example  of  the  last 
kind  is  7  Cassiopeije. 

Normally,  the  red  hydrogen  line  is  the  brightest  in  its 
spectrum ;  yet  it  seemed  extinct  when  looked  for  by  Dr, 
Vogel,  18th  June  1872.*  To  the  Duneeht  observers,  how- 
ever, it  showed  "superljly"  bright  20th  Det^mber  1S79.* 
then  lapsed  into  invisibility,  until  rekindleU  under  the  eyes  of 
Von  GotharJ  at  Herc^ny,  l^Jth  August  1883,*  Since  then 
it  hae  not  been  missed,  but  has  rarely  been  sought;  for  it 
can  scaKely  be  called  accessible  to  fr'pectrographit  ohservatioTi, 
and  direct  inspection  of  stellar  spectra  ha^f  unfortuniitely 
fallen  out  of  vogue.  On  13th  September  1885  Dr  Cope- 
land  found  0  very  bright  in  7  Oaaaiopoiic,  F  just  measurable ;  * 
on  fifty-two  pUtes  taken  at  Stonyhurst  during  the  years  1891- 
99*"  F  was  "superlatively  bright,"  C  bein^  of  course  below 
their  range.     No  evidence  was  elicited  from  them  of  alteration 


'  CaL  dtr/itrli^.  Sfmw.  p.  \B-  '  BotAhtmp  B<^^  Heft  ii,  |>-  H*. 

*  Jttr.  JVffcA-  Nft.  2B39.  *  Proi.  Ih^jai  Soctrlfj,  rv).  IriL  ]>.  \Ti. 

*  MotUhty  \oiicai,  ¥ol.  Mx.  p  .'•aH. 
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in  the  hydrogen  spettruui,  but  they  gave  strong  groundfi  for 
eufipicion  of  change  ia  linra  diie  lo  other  sulfttances,  Dotably 
is  a  stroni^ ray  at  X4586,  doiihtfullj  associated  with  vanadium, 
SuBpidoQ  m^hL  have  been  raitted  to  certainty  if  Ihe  yellovr 
helium  Imp  had  falltii  withiji  thj?  st^op^  of  iMf|iiii^,  for  the 
Tariability  of  Dr  m  this  star  luaj'  safely  b«  tftkeit  aa  proved 
Although  observed  as  bi-igbt  by  Secchi  in  1867.'  measured  t>j 
Von  Gothard  20th  August  1883,"  and  juet  recognised  ftt  the 
O  Gyalla  Olwervatory  in  18^1,  and  nt  South  Kenpington  Inte 
in  1889  ami  1894,^  the  line  is  oomrtionly  inviaible  under  the 
mofit  favourable  coiidibioiH.  Keeler  could  not  find  it  with  the 
great  Lick  refraotor  in  the  i^uininei'  of  1889;^  three  Bpecbro- 
grains,  taken  on  orthochroniatic  plates  with  the  Puikowa 
thirty-iDcb  by  BdLopoIaky  in  1892,  bote  no  trace  of  it/ 
its  emergences,  in  lirief,  are  eo  transient  and  uncertain  as  to 
he  altogether  exceptional.  They  Beem  quite  c^tsual — that  is 
to  say^  their  law  of  oaunatloTi  in  to  uh  inscnitable.  The 
remaining  chief  linis  of  lielJurn  in  y  Ca^stopei^^  are  dark,  with 
indications  of  fine  Ijright  reversals  at  their  centres.'* 

The  metallic  spectrum,  too,  is  unmistakably  variable.  Von 
Ecnkoly  noted  sodium  abuorption  at  D,  I5th  September 
1884,'  Yet  Keeler's  exJinxi nation,  five  years  later,  ahowod 
the  spectrum  in  that  vicinity  to  lie  absolutely  continunuR. 
No  sulisoqucnt  record  of  dark  D  has  probably  been  made. 
The  magneeiunfc  group  6.  on  the  other  baud,  seen  dirk  hy 
Keeler,  appeared  bright  on  the  Stonyhurflt  photographs,  and 
it  was  accompanied  by  the  blue  emishion  from  "  high  teniperii- 
ture  "  magnesium  at  X  4482,  No  iron  lines  are  brightened 
in  this  npeclrum,  A  clue  to  its  iTitricacitvt  may  \m  found  Tiy 
the  employment  of  combined  visual  and  photographic  methods. 
Neither  by  itself  ia  alt'Ogether  satisfactory,  Cbangea  in  one 
part  of  the  epeetrum  Ic-se  [lalt'  their  signilicAnce  unless  corre- 
lated with  changes  in  the  remaining  parts.  The  asauninee  of 
their  reality,  besides,  would  be  iminensely  strengtheuMi  by  the 
demoni^tration    of    their    not    being    isolateiK      Wympithetic 

"*  Proat-Schrinfir,  jlitr.  ffp/Kt^^^acqpl^,  [i,  Z.'^fl. 

■  twkyoT,  P*w.  Jt.tffnl  Satulft.  voJ.  iTii.  ^i.  17X 

•  f>iU.  Ptf^SeciHj/,  tol.  i.  \'.  W,  '  jMfr.  JVa^A.  Jit.  3l», 

*  A.  C.  Uhdtj,  ifarifnni  Anmaltj  ToL  ix*iii.  ^.  I'J*,  1*5, 

»  OOmUt^B^ab.  BO.  vii.  p.  M. 
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wiationH,  independent])'  recorded,  coiil<l  hardly  lie  the  creatioo 
of  instrumentJil  or  other  extratieoun  cnuses, 

Tho  uhroiuoppheriP  inRtabilitj  or  7  Caseiopeiae  ie  shared 
by  a  good  mauy  other  stare.  Among  them  is  J  Velorum 
(A.G.C.  14,145^,  Hpectrogiuphic&lly  registered  at  varioue  dates 
in  the  course  of  the  Harvard  College  ttoutbern  surveys  of 
the  heavens^  Miba  A,  J.  Cfuldod's  eKJtmiiiutJoD  '  showed  that 
on  the  plute  taken  2ud  June  1893  the  green  and  blue 
hydrt^en  lines  (K0  Hnd  H7)  were  bri^^ht,  auperpijaed  upon 
brood  ftbsorptioii  bands.  N<JvcrtheleBa  on  10th  April  1895 
and  19tli  March  m96  they  were  aimplj  dark,  with  qo  traoe 
of  vivid  reveraalft  And  eo  they  remaiEed  in  1899.  Whether 
the  red  liiie,  iiaiially  in  suc}i  stuts  the  moj!«t  brilliant  of  the 
series,  respondei.1  to  the  chrouiospheric  extinction  attested  by 
itB  more  refrtiiigihle  asaoci&les,  ean  never  now  be  kaown  ; 
but  something  may»  in  the  future,  be  discovered  about  ita 
behaviour  should  the  epectrum  of  J  Volonxm  ever  be  re- 
kindled The  9tai;  which  is  of  the  fifth  magnitude,  dots  not 
vaiy  iipprec'iably  in  lualre. 

An  inverse  change  to  that  ol>served  in  J  Velormu  was 
detected  by  similar  mean^  in  a  stvcntb- magnitude  ati^r  in 
the  southern  constellation  (Jhu,ai4eleon  (A.G.U  14,686>  On 
20th  Mi^y  1892  it  appcarod  to  l>c  of  Che  Sirian  type; 
hydrogen  showed  only  by  absorption  ;  but  on  3rd  April  1895 
Hj3  wflfl  bright,  eighteen  days  later  H7  haH  foUnwi-d  suit, 
and  fringes  of  light  seemed  Jtttached  to  the  lovrer  edges  of 
two  of  the  ultra-violet  hydrogen  lines.^  The  progresflive 
incandeecencf,  betokened  by  the  creeping  upward  of  the 
iliumination,  was  a  complete  novelty ;  its  probable  initial 
symptom  ia  the  hla^se  of  C  necessarily  remained  unnoticed. 
It  is  eameatly  to  be  hoped  that  this  unique  object  may  not 
slip  out  of  view  amid  ho  mnny  coufiicting  claims  for  utUaitiou 
advanced  by  the  denizens  of  the  southern  heaveua. 

A  star  in  Oania  Kajor  (A.G.C.  9181]^  ia  distinguished  by 
frequent  fluctuations  from  brilliancy  to  obscurity  of  the  green 
and  blue  [lydrogen  lint-a  Miaa  Caunoii  has  traced  their  spectro- 
graphic  hirttory  since  1  392,     The  more  refranpble  members  of 

"  UfXrvard  CinMlar,  No.  32- 
■  Htiit  No.  21  :  ARttoh.  vol.  \%\i\l.  y\.  184. 
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the  series  are  pre*«nt — it  can  be  interred — aa  absorption  Ibee, 
and  C  ifi  eiplifjitly  stated  hj  Campbell  to  have  been  glowing 
m  1  fift4.^  VarijitJoiifl  uf  itn  green  rompauioD  (liff)^  unalogoii* 
U>  those  jiisl  described,  have  recently  beeo  debecbed  in  the 
apectra  of  17  Ccotouri  and  «'■*  Apodie.* 

The  percentage  of  abuorniul  stars  foand  on  the  Draper 
MemoriuJ  plates  is  exccf^ditigly  ^muM ;  yet  they  sum  up  to  a 
not  insignifii^nL  tot^il.  A  few  may  \Ki  niimed  hr  worthy  of 
eiLHtained  attJ^ntii^ti.  A  sixtit  -  magnitude  star  in  Libra 
(A.G.C'.  20.937]  w.ia  Eumouuced  in  1895  '  to  show  a  epeotrum 
reeeinbling  that  of  the  great  Looped  Nebula  (30  Doradfie], 
which  dilTera  in  light -{^uaiitj^  from  other  gaseous  nebulae 
and  a  Rtallar  apparition  in  the  Centaur,  then  Tisible,  vaa 
added  to  the  gpectral  group,  "Nova  Centauri "  promptly 
d]HAppeared,  hut  the  slur  in  Libra  ih  permanently  preaent, 
aud  available  y*;ar  by  ytar  for  ptii^titatic  compariaono.  The 
pociiliaritiee  of  the  following  objects  have  not  been  cxprcBaly 
defined : — 

1,  «^,U,--Sa'  1070;  R,A,  fr"  14-6  "^ ;  Dec.— 83"  19.  M*g,  S'T. 
PhoU>j7*pbcit  at  Aruquipft-* 

2.  T^C.  }-^  734;  R.A  iT*  ISa**;  Dec  — fie"  16'.  Ung^  fifi, 
PtoUtj^pbtti  at  Ard(|iiip«. 

3,  S,D.M.  -H-  1467  ;  B.A.  8^  B8-1"' ;  Dee,— 8'  48".  Mug,  8'a.  b«l 
aligLlly  v\nnti1e,^ 

4.  S.n.M.— ir  1941  :  RA.  Ti  9S"4'^;  Det — 11"  31'.  Mug.  8-9 
voriAbk.     BondBd  flpei^tmm  of  itnceifun  tj^e, 

&.  S,D.M.—10'  5057  i  R.A  19''  7'7"' ;  Dec— 10'  54'.  Mog,  7. 
Unique  spectrum  of  buida.^ 

Poeeibly  the  original  records  Becuied  of  these  stars  may 
never  be  duplicated^  since  they  are  not  unlikely  to  be  epeetiully 
varifi-ble  as  well  ^lb  peculiar.  In  any  case  their  chaTacterialicB, 
whii:h  are  pre<'.ipely  of  tbe  kind  to  prove  epeciHlly  biatnictive. 
need  to  be  more  [\iLly  ascertained. 

The  spectra  of  ^  and  iff  Peraei — both  bright-liDi.'  htrliuio 
stars — have  been  suspected  of  BuctuationjH ;  but  those  of  the 

'  ^Mnph.  Journ.  rol.  IL  i*.  \dO. 

'  J'[/ty-J[ftfi  ffarvard  fUpiti,  p.  10  ;  flarrard  rTirtHior,  Wo,  00 ;  ^rifuifj.  vol. 
Mvio-  pp,  IJSO,  l»a, 

■  FLnning,  JivttMy  JVc4vu,  nt  liii-  p>  27^  ;  Harvard  Oiyvhiar,  No.  4. 

'  Aatnp^  Joum.  toL  i.  p.  111. 

*  Strmr^  Cirmiar.  'So.  32. 

>  FlanJng,  Aatr.  NiuA.  No.  3054 :  jittf.  arui  AmtOfkyHet,  toI.  xI.  p.  S7. 
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fint  ma7  depend  upon  varTing  radial  velocity,'  while  thoee  of 
the  secoitd,  although  elight  in  amount,  are  of  a  particn- 
larlj  interevtiiig  deaiTiptioiL  Tb^  conaiBt  in  the  occanonal 
shifting  of  the  brilliant  narrow  F  of  hydrogen  to  one  or 
other  side  of  the  absorption-band  upon  which,  in  general,  it  io 
oen^^y  placed.'  These  displacements  are  probably  of  the 
same  nature  as  the  alternate  marginal  illmninations  of  H^ 
in  $  Orionis  and  1 1  Monocerotis  \  they  are  certainly  un* 
connected  with  revolving  movements  in  a  system  of  bodies. 
Many  more  instances  might  be  given  of  stellar  spectra 
apparently  abnormal,  and  at  least  ostensibly  variable,  but  the 
above  may  suffice  as  specimens. 

'  Adroph.  Jtmm.  yoli,  l  p*  30fi  ;  xtL  p.  114. 
*  A.  C.  ii*ury,  Ilarmni  JumoIk,  vol.  iTTiii.  p.  IW. 
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COLOtJH    VlBlAftlLrrV, 


COLOtK  variatioQ  in  atara  in  a  somewhat  eliieive  pbenoiueaoiu 
It  carmot  be  measured;  no  "colorimeter"  yet  oonstnii^tcd 
h^Ls  ^rivi-n  ajtlisfjiclury  n^HultK  Then  it  iu  subject  to  ad- 
VEiilitickUH  miHlLliuttionf^  depending  upon  t\w  state  of  the 
atuiDspliere,  the  fluctuating  sen^itireuesa  ot  the  retina,  the 
oaturo  hind  aperture  of  the  telescope  employed.  The  same 
observer  after  a  prolonged  vigil  will  ofteti  reiieive  quite 
different  chromatic  impreeaiona  &om  tLose  derived  with  nn- 
fatigusd  sight;  nay,  hin  right  and  left  eyes  may  Hom^tiniea 
pronounce  irtcoiigmouw  judgments  ujioji  n  eoIoJir-liHniiony  or  h 
colour-contraat  Such  counterfeit  ch&ngee,  however,  ore  sLght 
and  evatkcacent;  witii  due  care  they  cod  jLlwaye  be  Bcparatod 
from  in trineic  variations.  The  endless  individualities  of  colour- 
viaion  have,  indeed,  also  to  he  taken  into  account-  There  is  no 
branch  in  which  pt^iFfinjil  i>i|uation  tella  ho  heavily,  yet  so  in- 
tangibly. KeDC£  Cdfiual  uuomaliea  of  detcription  hardly  raise 
a  presumptioD  of  actual  chtuige.  Evidence  that  it  has  occurred 
can  only  be  admitted  with  citreme  caution.  The  ditficitlly 
is  to  di&on^'age  what  really  deserves  c^>nsideration  froni  the 
multitude  of  floating  statements  tending  only  to  bewilderment 

Thi'ee  kinds  of  colour -variation  may  be  diKcriminated. 
TTtey  ttevenilly  af^'ect  [>eriodicjtl  atara,  red  btara  fairly  couHtant 
in  light,  and  tijited  atar  coupler. 

(1)  Stara  with  a  light-cycle  of  Iggq  than  a.  hundred  daya 
are  usually  of  an  unchanging  yellowiah  hue;  but  "long- 
period  "  variables  are  characCeristiciklly  red,  and  lednees  in 
stars  appears  tii  Ije  rarely  a  ^xed  or  stable  property.  It 
mi^^ht  he  comptued  to  an  ejcternal  covering  ca[>able  of  altera- 
tion in  opacity,  or  even  of  ^entire  removal,  and  couoected  in 
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ite  effectivfi  action  with  complex,  more  or  lesa  unsettled  condi- 
tions.    Ver^  comtnonlyr  the  risee  and  deecente  in  niagnitode 

of  euch  starH  htg  nHoocmttd  with  fudings  and  flushings  of 
colour,  a  deeper  tiut  generaUj  occompiLaying  a  low  light- 
phase.  For  this  tbete  ia  a  double  CAoae,  in  the  dimination 
of  brigLtneaa.  and  in  the  inui-caee  of  absotT^tion.  The  first 
acts  phyeiologically.  A  faint  my  ntrikea  tba  eye  as  redder 
than  one  more  brilliant,  although  both  be  of  the  nuine  re- 
frangibility-  Tlie  Be<!ond  worlcH  olijec lively.  AbeiJiqitioii  in 
Ht^lUr  JtlmoKplierea  \,e\]B  mainly  on  the  blue  end  of  the 
apectruuL  Hence,  afl  darkening  dosee  in  upon  the  shorter 
wave-longtha,  the  BitiTti  redden  mote  and  moren  Miru,  which 
is  not  properly  a  col  our- variable,  tibows  tbiB  effect  markedly. 
Certain  objocts  of  the  eame  c^lawi,  however,  change  iitore  radically, 
and  leas  ^oa'^itttently.  Tlidr  tluctnaLionn  in  hue  currespond 
ver/  [>artially  to  tlieir  tluctuatiuus  in  light.  Colour-change 
seeniE  to  progreas  independently,  and  From  a  superficial  poiat 
of  view  quite  capriciously. 

At  Sir  Cuthberl  Peak's  observatory  near  Lyme  Regis,  a 
score  of  variable  starR  have  been  kept  under  watch  since  I S87- 
The  data  regarding  llieru  ctillected  by  Mr.  Grover  are  remark^ 
able  und  auggeslive  in  EQTeral  particulars,  especially  as  i^garda 
the  correlation  of  colour  with  nu^nitnde.  An  important 
example  is  afforded  by  S  Herculia,  a  star  varying  frr^m  the 
seventh  to  the  thirteenth  magnitude  in  about  tan  months. 
It  is  strongly  red  with  a  fine  tluted  spectrum,  yet  has,  ac 
sundry  tiinea,  l)eeu  seen  tomplettly  blanched.  We  extract 
from  the  Romdon  Observations  come  notes  of  its  colour^  with 
the  corresponding  dates  and  mf^nitudes. 

.S'  HffFCuIvi 


Drts. 

Vnenltiid*^. 

n ■  — .      ■ B — . — . .   — 

i8Sa,  Not-  13 

U-4 

WhJM,  HhiTp,  and  dutlnct 

„      Not.  a* 

S'b 

Douidecl  jtd. 

1B37,  Mij  10 

lOfl 

Wtite;  litU«,  if  any,  colonr. 

„      Dec,  20 

rs 

Doap  ruddy. 

ieS9,  Oct  15 

«-5 

Fiery  red. 

ltii9.  Juae  a« 

»0 

Dnll  gr«yiih. 

„      Sept.  ao 

s-s 

Dup  copnaty  r»d. 
Blood  red.  wril  dfinned. 

,,      Oat.  11 

?1 

1399,  V4T  ^ 

9  1 

OrcY  or  aotiea  ooJaur. 
BriflikTit  outlet. 

leOJ,  Uhy  12 

«fl 

1803,  Adg.  17 

0'3 

Dull  whitfl,  vtU  doEiuKL 

ia»l,  Sept.  a 

Newly  whiU,  Bhwp. 
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No  trace  of  regulnrity  ie  perceptible  in  theee  cbange**. 
The  mean  mttgnitade  of  thu  flter  when  white  was  S'O,  when 
at  its  redclefit*,  S'5.  They  hk  then  obviously  unrelated  to  ile 
Lght-phasee. 

An  Analo^)iis  object  ie  T  Uraae  MhjoHa,  whii^h  nltartiatee 
between  deep  red  and  "creamy,"  or  pui«  white,  though  with  u 
decided  tendeticj  to  lismune  paler  tintti  ua  brightness  Lnirtcades. 
A  typical  pair  of  observfltione  were  mode  on  6th  and  14th 
Febnmiy  18^3,  On  the  firat  eveninjr  T  Ursie  was  estimated 
ua  of  lO'l  iQHgnitude,  and  of  a  "deep,  dull,  ruddy  hue";  on 
the  second,  it  luul  nnen  to  9'3  magnitude,  &ud  become  a  "  dnll 
leaden  colour,"  ehowinij;  "  no  trace  of  orange  nr  red — a  very 
Qurirtna  change,"  and  one  ulto^'ther  unaccountebk.  Spectro- 
Bcopiu  information,  aimultaneoualy  procured,  would  have  been 
likely  to  prove  instmctive,  bnt  none,  unfortunately,  is  avail- 
able. 

A  ctiunter  -  example  to  T  Uraie  m  9  Cepliei,  whiiih, 
obeerved  under  the  same  conditions,  and  audergoing  similar 
Taiiations  of  brightnew,  was  nevertheicAa  recorded  ^  at  all 
times  conapicnouBly  red.  On  the  other  hand,  ^  Cygni,  a 
flagrantly  red  variable  of  the  Mira  type,  occaflioually  diveeta 
itself  of  colour  aj*  it  brightneufl,  although  '*  scarlet "  maxima  Eire 
more  coiiimou  than  "  white."  ^spin's  obaervabJons  confirm 
the  fltriking  varmhility  in  hue  of  -y^  Cygni.  On  the  whole,  it 
cannot  be  doubted  that  temporary  wbiteneaa  is  a  frequent 
feature  of  this  ckas  of  ruddy  etare,  and  the  fact  impUee  a 
^reat  deaL 

(2)  In  the  second  dflsa  of  colour  variables,  light<^bange 
superveneu  Incidentally  or  not  at  alL  It  includes  two  historic 
examples — SiriOB  and  Algol,  both  exceedingly  unlikely^  yet 
both  attested  on  good  autliority  to  have  been  red  within  the 
scientific  memory  of  man.  The  Sihan  queetiou  has  been 
exhaustively  diacusaed  by  Dr.  See  '  and  by  M-  ScbiapFuelli ;' 
their  argumeutt^  are  ctf  moHt  eLirionu  int^reet,  hut  we  CAn  here 
only  attempt  to  give  what  appe&ie,  on  a  fair  view,  Ui  l>e  thetr 
iipHhoU  Two  facta  are  inconteatable ;  Seneca  compared  the 
colours  of  Mar»  aod  Siriim,  and  pronounced  the  atar  to  be 
more  intensely  red  than  the  planet,  and   Ptolemy  applied  to 


'  Aa^.  and  ^ArE^JtyiUJ,  fat,  ti.  pp.  2S9,  Sl7,  Tt&O. 
>  AUi  d€U  'Jvad.  ^ti  A^i,  L  ii  IfiOtt. 
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it  hifl  cuirenl  epithet  for  *'  glowiug  ruddy  "  objects  {inroHtp^^), 
a  pieoe  of  eWdenco  vainly  soaghl  to  be  explained  away 
n  tnuiAsriber'a  error.  Many  otiier  aiicieut  authora  imply^  or 
ATG  held  lij  imply,  wliat  Seueua  and  I'bolt;!!!^^  dtfiiuitely  ateLe; 
but  eren  apart  h^tna  those  confirmatory  hinta,  the  einipleet. 
aad  perhaps  the  Batest  course  appeara  to  be  to  accept  ifucb 
definite  s^temeDts.  Their  im probability  does  not  in  itwU 
warrant  their  rejection.  It  has  been  suggested  that  the 
rapid  ecintillation  of  thd  Cog-atar  tnay  have  lent  to  it  a 
fictitious  redness,  Imt  it  doeH  not  do  escj  now.  "Siriua  is 
glancing  blue-bright  like  a  spirit,"  Carlyle  wrote  firom  Temp- 
lands  in  April  1842.  And  cerDJiiuly  the  atan)flpheric  disguiae 
of  colour  caunot  have  been  leea  eifoctive  in  Dumfni'wtihire  thaa 
at  Kocne  or  Alexandria.  In  the  Iliad,  a  hery  nature  and 
aspect  are  ascribed  to  Siriua;  but  Homeric  indications  are 
often  loose  or  Kgiirative.  They,  however,  lend  iu  this  case 
countenance  to  the  plausible  aurmiae  that  the  redne«  of  the 
fltar  was  of  antique  atandingn  As  bi  the  date  of  ita  vaniah- 
ingj  nothing  positive  can  Ijq  assorted ;  but  tho  negative  testi- 
mony of  Al'S^  places  it  almost;  concluaively  before  the  tenth 
century, 

Tlie  fifiine  Peraian  H^tronomer  supplies  the  only  extAot 
notice  of  Algol's  early  redneBs.  Perhaps  a  merely  temporaiy 
phase,  it  aeema  oeverthclcea  to  have  recurred  after  nine 
centuries.  This  was  in  184I>  whou  Schmidt  at  Athena 
perceived  the  star  as  yellowish  red,^  although  its  subsequent 
whiteness  was  patent  to  hini  as  to  all  other  obtfervers.  Wan 
SchiDidt  de]u4led  ?  It  is  very  difficolt  to  deterraiue.  Only 
the  star  itaelf  can  authenticiite,  by  renewing,  its  ovtineacent 
glows  of  colouiv 

The  pronounw>d  retlnesa  of  a  seventh -magnitude  etar.  Na 
8  in  Schjellerup's  "Ked"  Catalogue.'  was  recorded  by  Oeltzen 
during  his  revision  of  Argelauder^s  uartbern  zones.  Copeland, 
nevertheless^  fouud  it  white,  lat  January  1376 ;  Espin, 
yellow,  with  a  continuous  spectrum,  i4th  Noveiolier  1887  , 
while  Kruger  registered  on  6th  Uctober  1891  wcll-deveJoped 
bands  of  the  third  typo  wirresponding  to  an  orange  tint. 
Again,  a  ninth-magnitude  atar  in  Taurus^  appeared  to  Hind 

'  Ai/r.  XitrJi.  No-  !OBB.  ^  Kniger,  Car.  tlrr/nrbiif.  Siern/^  p,  9. 

'  Koo^Ti  ■■  "  fi4  b  8ohjsIl«nn>"=  Krug*t  513.    Sm  Vat,  dfr/drbtff.  Sfenu,  p.  IS. 
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•very  red;' 3rd  September  1848,  but  "  bluiflh"  14th  Novem- 
ber 1850.  Lost  sight  of  for  a  quarter  of  a  century,  it  waz^ 
next  observed  by  Copeland  iu  -Jiinuary  and  yeliruiLry  1876 
as  pale  yellow,  and  by  Doborck,  three  ye&rfi  luter,  a»  reddifili 
oranjje.  FinaUy,  nn  lOtli  JanjJiry  1888,  Eftpin  waw  it  white, 
ifiLb  a  fieemmgly  cuntiimouA  spiKlruni  ;  miice  when  no 
fttt^ntion — that  the  present  writer  ib  aware  of — bos  been 
pajd  to  it.  A  mucb  brighter  btitr  iu  Aquila^  (seventh  m^ni- 
tude)  Bhow&d  red  to  Schjellerup  iii  1S63,  but  to  Birmingham 
oolourless  in  1372  and  IS?"!,  and  blvf  18tb  May  ititd  20tb 
July  1873-  These  dt&ugea  were  in  a  manner  veriBed  bj 
flUbaequeiiL  tipectrodcopic  ol^serV'LtkniB ;  for  the  [)bje{:t,  whi(!fa 
bad  then  recovered  a  ruddy  tinge*  was  ckaeed  by  Eopiu  oa 
of  the  fluted  type,  IJQth  September  1889,  but  by  Kriigfin, 
25th  June  1892,  aB  a  solar  gtar  with  a  pale  yellow  citet. 
The  colour-phaBes  of  nn  eighth-ciHgnitude  star,  "  S3  Sclijcl- 
lerup/' '  Hre  Attested  by  the  IhwI  autboril^ies;  it  ia  luipoesible 
bo  doubt  their  reality.  Pii?.ked  out  for  ith  redness  at 
Copenhagen  in  1863,  the  object,  after  numerous  altemationB, 
wae  deecnhed  by  Franke  in  1885  as  whit^.  No  later  observa- 
tions appear  to  be  extant. 

The  following  fthorc  list  of  tlie  best-QuthenticaDed  oolour- 
variables  may  be  useful  to  observer!*: — 

'  No.  4S03orih*  C^jKiJui^fM  Cataiofftu  =  2H  SclJdUorup^Ertiger  UM. 
=  KnigerSO*. 
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n 

DeileruttoA. 

1 

UlfTFlillKle.    1                                                        Ilf  DLVlu, 

1 

5  SctjffllflTQp 

7-0 

••  Full  gamet,"  J,  Bancbcl :  r*d,  Sefa- 

B  SDhjdlurup 

nrt&lilfl  t 

jellemp,  leea  :  white,  Dnya,  lS7a. 

7-0 

Deep  red  about  IBEtO  ;  vbito,  IbI  Jauaan 
lS7a, 

=  Knigor  102 

OS  ScUjtllwTip 

7-a 

Bnbro,    SolLJcllcrup,    IBQS  ;    blue.    Mr- 

^  Kiugcr  £04 

mmglmin  frei|ueDtlv  in  1873  ;  decided 
r*I,  ("JouIjI  ;  colfiiirliwH,  Thvyvr,  ISflO. 

fiO  SahjvllprLip 

7-7 

Knbra,  Situ-vb  ;  Llniflh  v!iite.  Rirmmg' 

=  Kriiger  587 

bam,    1974  ;    uraut^',    Drujrm.    1370  ; 

&9  Bcl^cUffnip 

n-o 

Blood  r«J,  Schjellompi    1303;  onn^ 
Ci}]>«Uiid,  Fubrauy  1S70  ;  HJonrJeu, 

£«pm,  lOth  Febmtrj  ISSS. 

y  Cirain*  ^ 

3"4-6"a 

Vary  r«d.    Gautd,  about   197S  ;  nhlta, 

Staultv  Willidits,  laafl. 
Tan-   nJ,   Uiud,   1^46  ;  bluiftli  white. 

Hind.  1850 ;  red.  Drejcr,  U7B  ;  wluto, 

04  f  Schjf:ll«rap 

8-B 

^EttlgerClB 

Eafia,  1933. 

14S  Sc>tu~el]tti-Dp 

»-5-9-fi 

Soarlct.  Bouc.  1861  ;  dork  rrd,  d'Arntt, 

=  KrlJe-iP  ass 

leQH;  oulonrlfw,  BlrminglLAin.  1674  ; 
ma,  laXtoBB  haudii.  Diia^r^  1^78- 

SH  adifcUerup 

7-0 

Red,    8cb,ieiUerup,  laSS  ;  aat  red.  Bir- 

:=KHLgei  lUe 

uiLbghBLm,  1&TS»  1S71  ;  Mod,  Binning- 
liam,  1873;  onuigt,  flutc^d  apeetrtun, 
Eiipirj,   1866  ;    FoTlnwiJit,    no  ht  «pa&- 

;        truTTi,  Krilgerf  IflBS- 

T  ValoruiD 

5'D 

Red,    OoLild,    1^70-73;    leAden    vliite. 
lesa.  A.  M.  Clurkp  i  ali^lit  red  tin^tc 
Tfbljiitt.  1S01h 

tB9  b  Scbjellerup 

T'B 

Ued,  LamonC;  yellqv,  Dr^yeiy  SIhI;  Jidjr 

H 

=Kniger  lEia 

1 

]S7fi;   yellow,    Eapin,    l^Sft  ;   trbite. 
KrUgcr,  ISfll, 

Two  flta.ra  ^  have  been  mentioned  in  an  earlier  chapter  &b 

^^^^^^^   artoDioioiialj  white,  cf>QaideFiTig  that  their  spectra  are  of  the 

^^^H           fourth  type.     The  ]K>8sibility  should  Dot   bo  ovorlookod  that 

^^^H           their  paleness  is  only  temporary.      They  are  peihAps  colour^ 

^^^H           variables,  aud  will,  at  some  future  time,  show  the  niddy  hue 

^^^V           appropriate  to  the  r^naliby  of  their  light. 

^f                         (3)   The  colour  changes  of  double  etare  are  a  peculiarly 

^^^^B           bafHing  subject'  of  inquiry.     Many  have  been   reeordod   th&t 

^^^H          can  safely  bo  dismissed  as  iDu&ory;  8ome  that  aro  unquestion- 

^^^H           ably  real.      Yet  in  most  cases   there  is  a  large   element  of 

^^^^           doubt.       Personal    idiosyncrasies    come    Btrongly    into    play ; 

^P                  meteorological  influences,  instrumental  divereities,  and  all  the 

^  Biamy  in  slow  motifni  (iTini^a).     CompoflitD  sptfctniiu  (A.  ,T.  Cannou), 

^  S,D-M.-I0'513aii<i  S.D-M.- 10"  fiOS7  of  ei^'lilh  nud  eciveiitli  mngnitndM 

rapHtiveW. 
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obancea  and  obongea  of  exiatencB  swell  the  reckoning  of  un- 
certAin^.  To  «Ly  nothing  of  the  indetermmatenese  of  langaaga 
Slat  LLiitH  are  ofteri  no  deliuati;  us  to  ilefy  verfml  dodtiitioa 
Diatinctiona  between  rose-pink  and  ametbjst,  aea-greeii  ^uid 
iLpple-greeo,  aflhea.  Like,  &nd  grey,  have  only  a  uominal  meaji- 
ing.  Thiese  tender  shiidcfi,  moreover,  while  eacaping  some  cjca 
altogether,  are  enhanced  by  ctbets  into  vivid  contraBlb;  and 
hence  observers,  expecting  to  aee  Btai-couples  glowing  lilce 
fruil>3  i>f  the  HeaperideK^  are  apt  to  carry  jtvtuy  t)i^  impresHicD 
thiLt  the  aubtle  coloration  actually  presented  to  them  implies 
a  marked  change.  To  separate  tbe  kernel  of  fact  &om  the 
husk  of  opinion  or  illriaion  is  then  no  easy  matter.  Yet  an 
iDAdequate  attempt  to  lanifh  confusion  ie  iilnioat  alwaya 
lietl«r  than  none,  and  may  here  be  worth  making. 

The  mure  dotwly  tbe  ehrouuLticd  of  Jijubk  atarn  ore  studied, 
ibe  more  clearly  emei^es  an  irreducible  minimum  of  cliangi^ 
A  eatiflfftctory  example  is  afforded  by  one  of  the  most  carefally 
watched  binaries  in  the  heavens.  The  primary  in  70  Ophiuchi 
ia  of  4-5,  the  satellite  of  6^5  magnitude,  and  it  is  unquestion- 
ably  the  sateJlite  which  conspicuously  varies  in  hue.  Sir 
WLlliitm  Hereehel  iD  1779  perceived  in  it  a  very  slight 
reddish  euflusiou,  and  J.  Heiachel  and  South  described  the 
pair  in  1S24  aa  *' white  and  Livid."  Vet  the  elder  Struve, 
on  incomparable  authority,  eonsidored  their  "  yellow  and 
purple"  tints  ramarkable  enough  to  warrant  their  inclusion 
ID  a  reatricted  list  of  objecta  showing  cohres  iTisigju^j^  and 
they  were  etiU  "  topciz  aud  violet "  wheu  observed  Hucceefiively 
by  Smyth  and  Webb^^  "  Gold  and  purple "  again  they 
appeared  in  July  1^33  to  Perrotin  at  Nice,  although  less 
than  a  month  previously  be  had  noted  them  "  ^^^^eenieh  yellow 
and  reddish  yellow/"  while  a  year  later  he  reconled  theta  as 
■'golden  Jind  orange."  '  This  venture  they  continue  Co  wear. 
They  are  ordinary  yellowish  stars  with  an  ordjiuLry  solar 
spectrum.  Sooner  or  later,  however,  the  companion  may  be 
expected  to  put  oH'  its  crocus- veil  and  shiue  'J'yrian-hucd. 

The  stare  of  y  BeJphiai  are  now  finely  contrasted  in  orange 
and  green.     They  appeared,  nevertheless,  white  to   the  elder 
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HeiBcbel  in  1779  ;  white  and  yellowiBb  to  HerBohel  and  SouUi 
in  1824;  *'redduh  jellow  and  greTish  Lilac"  to  Gore  in 
1874  ; '  pale  itLse  mid  light  gri?eri  to  Deruliowflki  tn  1876-77  : 
orange  and  green  to  Flamnuirion  in  ld77-  Moreover,  tbe 
companion  showed  "light  emerald"  during  the  ye&t^  1631- 
39^but  ''flushed  grey"  in  1350,  Dobcrck  found  it  bluiah 
in  1882,  HUd  the  primary  yellow;^  Vogel  in  1883  recorded 
both  stare  as  ereamy  white;  while  in  1895 — according  do  Mr, 
Franks — Llie  tolsjiii'a  were  "  very  prouounced,  Ihe  chief  star 
being  a  fltrong  yellow  and  tbe  c*:'mpaaion  greenish."'  They 
are  of  fourth  and  fifth  mugniludea  respectively,  and  a  akj-gap 
oF  11"  divides  them.  Their  mutual  revolutions  have  made 
little  eenaible  progiefiB  during  a  century  and  a  quart>er,  but 
their  common  drift  through  space  Dartifiea  their  bjsteioatic 
GOQnection. 

The  case  of  95  Hercnlis  ia  somewhat  perplexing/  Thit* 
is  an  equal  pair  of  dfth-maguitude  starg,  rigidly  fixed  during 
the  last  twelve  docadOB  at  an  apparent  distance  of  Q".  Thcir^^J 
"  magnitrcent  tint>^  of  orange  and  gre^n  '*  excited  Father^^l 
Secchi  H  admiration  iii  1855;  and  Piazzi  .Smyth  wae  accus- 
tomed bo  see  them  "»pp]e  green  and  cherry  reil  "  until  29tb 
July  1856<  when  he  perceived  with  afcupefaction.  from  his  pomt 
of  vantage  on  tbe  Peak  of  TeaeriHe,  that  both  wore  of  the 
uodistinguiBhed  white  attributed  to  them  by  Herschel  in 
1780-  Fitful  and  partial  displays  of  their  original  chromatic 
brilliancy  appear  to  be  vouelied  for  by  Dimtr'a  and  Flam. 
marioi/rt '^  obhervations  of  the  fttars  as  "bright  green  and 
yellow,"  and  "  gold  and  azure  "  ;  but  their  pale  primrose  is  now 
unrelieved  by  a  ehade  of  diffei'cncu  There  ia  no  good  reafion^^f 
to  doubt  that,  in  the  earlier  part  of  the  century,  they  were^^ 
marked  by  vivid  complementary  coloura.  Obvious  to  Webbj 
they  were  romarked  by  Admird,!  Siuyth  ^r  an  unusual  instance 
of  divemty  lu  tint  *' between  compoueutfl  so  nearly  equal  in 
brlghtueefl/' 

InstanceB  are  not  iufi'equent  f>f  the  email  star  in  paiiB  of 
disparate  brightnesa  varying  in  colour;    but  the  relation  rta 

*  Wtbb,  CvUatiai0hftd4,  1th  od-^  i».  2&7i  ITiutuififft.  toI.  liiL  p.  aW, 

■^  Awtr.  Nat^h.  No.  S02fi. 

'  Jtmra^  BtU.  Asir.  Ass.  roL  v.  p,  4fi7- 

'  SyMifin  qf  the  Sfaf9,  p.  1  fiB.  =  Let  £toi7«,  p,  a». 
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never  inverted ;  no  priitiai'y  ia  eKclusivelj  aubject  to  change  of 
tinL  Thf?  aatfiUite  of  8  Hur^uliR,  n  gre^smah  aUrcf  the  foiirtli 
magmtudef  appeared  to  Struve  ahernfttelj  gr&pe  red  and 
afihen  white  ;  to  DcmbowsJd,  blue ;  to  Knott,  bluish  groen  in 
1850,  niddy  purple  id  1871  ;  to  Fletcher,  in  1851.  red: 
fo  FLimmarioti,  \*iolet.  The  conjunction  of  these  atais  ia 
ihought  to  be  iikort^ly  tWtuilt lus.  They  ak  moving  along 
diyergent  straight  lines,  and  hence  seem  destined  to  defiftitive 
sepjiration.  Yet  colour- cba-cge^  of  the  kind  dEFecting  the 
eateilite  do  not  occur  in  isolated  objecta,  and  would  rather 
imply  u  phyaical  connection  with  u  dominating  orb.  It 
will  then  !m  of  particuliir  intereat  to  determine  quite  cerlJtiDly 
whether  £  Herculis  is  a  truly  graTilationaJ,  or  simply  an 
optical  couple. 

The  companion  nf  5  C'ygni  shows  analogous  variatione. 
"  Asheo  grey  "  to  Stmve'a  perception  during  the  years  1820- 
33,  it  Burprised  him  with  a  atroiig  red  glow  in  1836 ;  thrc€ 
years  kter,  Dnwes  found  it  bine  ;  Secehi,  by  tums  red,  blue, 
and  violet  in  1856-57  ;  Dambowaki,  grey  in  1862-63  ;  Engel- 
mann,  red  in  1865.  Of  late  its  blue  aspect  has  predominated  ; 
yet  Perrotin  recorded  it  as  yellow  or  oran^'e  with  the  great 
Nice  retractor  both  in  ISQl^  and  in  l&8t>.  These  stars  make 
a  very  much  closer  pair  than  5  Herculis,  and  ara  in  alow 
orbital  movement 

Two  at  least  of  the  four  stars  grouped  in  o-  Oriouis  may 
be  admitted  to  tiuctaate  io  hiie,^  One  of  7"5  magoitude 
appeared  oHhen  grey  in  1837^  ruddy  in  1651  and  IBG9. 
bluish  in  LB83,  A  more  distant,  somewhat  brighter  com- 
ponent, usually  dust-coloured,  was  marked  "grape  red"  by 
Smyth  in  1S32.  Even  the  chief  star  is  not  of  Ihe  perennial 
whiteness  that  should  match  it«  helium  spectmiu.  Webb 
found  it  yellow  in  1851,  and  Gould  entered  it  as  "  red"  in 
the  Argentine  Uraaometry,  It  was  divided  by  Burnham  in 
1888  mto  an  cxccGi^ivcly  close  pair  (fourth  and  dxth  magni- 
tudes at  0^26"),  which,  already  in  1891,  gave  indications  of 
circulatory  raovemeni." 

Tlie  following  is  on  enumeration  nf  soma  double  stara 
reputed,  on  good  grounds,  to  be  colour- variablw : — 

■  Wftbh.  Oel.  Of-j^<tt,  TnL  ii-  p.  1 SK, 
>  BurubAin.  Attu  Naeh.  Ntift  ^7:i,  All«. 
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Oolour-variftbility  has  hitherto  beeu  oeIj  obaerved,  as  it 
were,  in  paaaing,  And  the  caeual  study  of  a  aubject  ie  seldom 
efiectuttL  Here  taucb  more  is  required  if  auy  progress  is  to 
be  inad«  towards  diBcovericg  the  lawa  and  cause  of  the 
phenomeiioD.  Wlmt  is  eseeutifLl  to  a^t^rtiuii  lb  the  tiatun^  of 
the  Bpectroacopic  response  to  colour-change.  On  this  side  the 
problem  can  be  attacked  with  some  hope  of  getting  nearer  to 
a  BolutioDp  If  viBual  alteratioiia  of  hue  can  satiafacKirily  be 
brought  to  the  test  of  prismatic  analysis,  the  way  will  be 
thrown  open  for  an  important  gain  of  knowledge;  while  it  is 
Tiard  to  Bee  by  what  utiier  tneanB  ignorauee  oti  the  curious 
topic  we  have  been  diecussiug  can  be  diflsipsted.  It  i&  not, 
indeed,  always  easy  to  combine  work  in  ditlerent  brfincbee ; 
yet  the  correlation  of  reBulta  is  a  vital  need  of  aHttcnomy,  and 
scarcely  ever  fails  to  prove  especially  and  widely  illuminative. 
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Tee  spectra  of  double  alars  atand  in  the  cloBeet  rektionfi  Co 
their  colours.  This,  indeed,  ie  almost  a  truism,  alcce  spectra 
mexelj  ahow  in  detail  what  is  eunimariseJ  in  mixed  tints. 
Yet  the  two  tormB  of  etatcment  are  not  tautological  The 
result  of  pTiamatic  analygia  cannot  he  wholly  antieipatad  trom 
the  viaual  irapression.  The  eye  makea  no  iilt^mpt  to  reduce 
its  eenBations  to  thi^ir  elements.  Totally  different  rays  may 
be  blended  Jind  balanced  ao  aa  to  produce  an  identical  aum- 
total  to  the  perception  of  the  optic  nerve.  Nor  would  it  be 
in  all  oases  easy  to  pronounce  upon  the  colour  of  g,  etar  from 
the  simple  inspection  of  its  spe^^trum.  One  cannot  tell  before- 
handj  90  to  speuk,  how  the  eye  will  taica  thinga.  Some 
scarcely  measurable  reinforcement  of  selective  stoppage,  a  few 
raya  of  absorption  added  or  removed,  may  make  the  difference 
between  rosy  and  golden,  or  purple  and  pink.  Thua  noith&r 
direct  nor  prismatic  observations  are  suporfluoue ;  but  the 
latter,  *a  affording  scientifically  accurate  and — through  photo- 
graphic meanH — permanent  recorda,  are  by  far  the  more 
important. 

The  apectra  of  double  etara  unlike  in  colour  are  usually  of 
difteront  types;  and  here  a  remarkable  nde  applies.  Con- 
trasted pairs  are,  with  few  and  doubtful  exceptions,  notably 
Tinequal  in  brigbtne^,  and  the  warmer  tint  iuTariably  belongs 
to  the  larger  coniponi-nt.  Biue,  yreen,  or  violet  etars  aro 
always  the  Batellitea  of  red  or  yellow  primaries;  and,  in 
accordance  with  these  indications,  they  give  first-type  spectra, 
while  their  brighter  and  more  ruddy  ncighlwure  show  Antarian 
dntinga  or  solar  lines.     We  arc  thus  led  to  the  unexpected 
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coDuluHioii  that,  of  two  globes  aimiiltatieoualj  coiitr&oling,  the 
larger,  which  should  ofttunUlj  cool  more  graduallj^  and  thcre- 
foi^  run  tlirough  i%»  •drdinUonary  f^bagea  at  a  more  Ifiisurely 
pttce,  ftttajna  wbr  sttintLng  while  itb  compaoion  still  remains 
a  '*  white  star."  Thie  relation  ia  the  very  crux  of  cosmic 
growth -theories ;  something  mote  will  be  said  about  it  in  Che 
next  chapter 

The  separate  spectral  ejuunioation  of  coupled  stars  ia  lar 
from  easy,  and.  has  indeed  rarely  beeu  attempted.  Only  by 
Sir  WUIiain  itud  Lady  Hoggins  has  the  Bubjcet  been  proee- 
cuted  flyatematically  and  with  suooeas.  Their  apphcation  to 
it  of  photography,  rendered  poasible  by  the  corupletion,  in 
1897,  of  na  iugeiiiounly  devised  reflecting  aUt,  couBtituted  iu 
itaelf  an  immense  advance.  Previously,  only  the  miperposed 
spectra  of  double  etare  had  been  chemically  recorded,  and 
theae,  for  diseri minatory  purpoees,  wore  of  uo  more  than  pro- 
viffional  use.  Od«  coloured  paii',  howevei',  presents  less  diSicnlty 
in  this  respect  thuu  the  I'est,  The  componeuta  of  fi  Cygui 
lie^far  enough  apart  to  give  distinct  sp^-trographic  images, 
formed  by  an  objective  prism,  on  the  Draper  Memoriul  platca^ 
Specialty  inviting  as  well  to  direct  scrutiny,  they  were  amoog 
the  eta^lioRt  objoota  subjected  to  Sir  WilUam  Unggins'B  light- 
analyGia. 

The  pair  consists  of  i  third-magnitude  '■  topaz  "  star  and 
a  fifth -magnitude  '*  aapphire  "  at  34".  The  unaltered  value  of 
this  interval  dnce  BraJley'^  measurement  of  it  in  1755 
almost  asaures  us  that  they  drift  together  through  epace 
under  the  streoB  of  a  physical  bond.  For  their  proper  motion, 
though  very  small,  would  have  tiuMiced,  in  the  course  of  a 
c^tury  iLnd  a  half^  to  produce  uDmiatakable  relative  diaplace- 
uenL  Blue  starn,  beside,  are  never  solitary;  and  the  coni' 
pjinion&hip  upon  which  their  uncommon  hue  depends  must 
evidently  be  red,  not  ainiply  optical.  Plate  IX.  Fig,  iv,  showe 
the  spectra  of  thoae  etare  as  photographed  by  Sir  William 
and  L^y  Hiiggina. 

Their  coiujilete  diversity  is  appareufc  at  a  glance.'  The 
hydrogen  series  is  writ  large  and  strong  on  that  of  the  minor 
lommary;  helium  absorption  is  not  apparent;  the  Sirian  type 

'  A.  C  Mtuiy,  i/nnvrif  A)ataia,  vd.  ixTiii.  p|>.  93,  00. 
'  The  i96flfrfvtfi/ry.  vol  ixii.  p.  397. 
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is  prououncdd.  Of  solar  qujility,  no  less  docidedlj.  id  tho 
golden  light  of  the  prinuLry.  Yet  it  cannot  escape  notice 
that  the  photographed  B|>oetra  do  not  explain  the  vivid  uolour' 
ing  of  /S  Cjrgni ;  thuy  miglit  havi*  l»en  takun  (upeakiag  broadly) 
from  any  two  Hlara  of  Lhu  Lj^b  represented.  Tliis,  indeed, 
woa  Jwft  what  ahoald  have  bet^n  €zpecbed.  aince  the  apecJal 
absorption  diifeienbiatiDg  them  trom  the  common  run  of  atara 
waa  known  to  tie  oulaide  the  range  of  aenaitiveuesa  of  ordinary 
plates.  An  Tegardn  the  blue  i^einber  of  the  pair,  at  any  rote, 
there  c^>uld  lie  no  doubt  of  Che  fact  A  set  of  diirk  bands, 
tutting  out  d  goodly  proportiou  of  jLs  yellow  and  orange  laya^ 
were  observed  by  Bir  William  Huggins  m  18(i4/  and  again 
by  Ur.  Vogcl  in  1872.^  and  they  t-orreepond  with,  and  fiUiy 
explain,  its  chromatic  peculiiuityn  The  topai  hue  of  the 
primary  tujmot  be  ao  directly  tisaociated  willi  tlie  auhtrat'tion 
of  partieular  ijualitiee  of  ligijt  i  it  is  more  prolwilily  due  to 
an  enhanuemeut  of  that  veiling  of  tlie  liigher  Jtpdotral 
reaches  to  which  sunshine  owes  its  primioee  tinge.  Further 
inveatigation  is,  however,  desiiablc  ;  above  all,  the  pJiotogmphic 
regiBtration  on  isoehromatic  platea  of  the  unfamiliar  abeorp- 
tioU'band&  from  which  the  companion  of  ff  Cygni  deriveB  it^ 
diatiDctioii  HH  an  a;£ure  i^t-ar. 

The  theojj  of  "eompoaite  ntollai  A|>eL-tra  *'  waa  proposed 
by  Frofesaor  Pickering  in  1891-*  Spcctrographic  ijnpreaaionfl 
showing  a  mixture  of  typea  should,  lie  expUinefi,  reaull  from 
the  Buperpo^tion  of  di^aimllar  speutra  derived  from  closo  or 
teleacopically  indivisible  Btara.  The  forecast  was  veritjed  by 
MisH  Mjiury's  detection  nf  eigbtaen  Relf- imprinted  iuuLgea  of  the 
compound  Hort.^  "  Lo  spedni  of  Ltiid  datia,"  she  writes,  "  the 
K-Jine  appears  either  unduly  narrow  or  overspread  with  a 
peculiar  hazineas.  This  appears  Co  be  due  to  the  presence  of 
an  additional  etar,  having  a  epectrum  which  belongs  to  aome 
group  earlier  in  the  series.  It  is  ako  siguificjOkL  thai  in  auch 
spectra  the  firet-type  cliaracteristicw  predoniinaH."  in.  the  ultra' 
violet,  the  aeoond  or  thinl'tyix:  feabiireti  in  tlie  green  tind  blue." 
Theee  duplex  elfccba  demonstrably  ^jwu,  in  certain  of  the 
i&fltaucoa  onumcrabod,  a  duplex  cauae  \  tor  thi^y  inolude 
7  Andromedtf',  e  Bootis.  and  a  Pieoiuin,  all  three  remarkable 


■  .4^.  yttek.  K«,  8034. 


'  Harisit^  Jivtafa,  vol.  ixviii.  p,  199- 
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prura.  The  presumption  is  accordingly  strong  that  spectra 
ftppearicg  h^bnd  in  BtnalL-sctklc  dchucationa  re^j  emanate 
from  a  double  aouice,  although  visual  evidence  of  duplicity  be 
wanting.  Indeed,  severfii  of  Mies  Manry'a  cr^pto-douhitjt, 
o  Leouitt,  o  Andromedtu,  and  a  Eqnulei  among  the  uuiiilier, 
have  been  Bpectroacopically  resolved  by  ProfesBor  Campbell 
into  unlike  pairs.  And  even  should  the  motioD-tcst  fail, 
it  need  not  be  inferred  that  the  star  rocalcitrunt  to  it  is 
single;  for  a  negative  result  may  signify  merely  that  the 
method  is  inapplicable  owing  to  the  higb  inclination  of  the 
plane  in  which  coupled  sttira  revolva 

One  of  the  ahow-objects  of  the  heaveiis  is  y  Andromeda, 
composed  of  a  chrome-yellovr  star  of  2~2  magnitude,  and  a 
sea-green  fifth-magnitude  attendant  at  11".  The  attendant 
itself  can  be  divided  with  a  ^^ood  telescepe  into  a  blue  and  a 
green  starj  considerably  advanced  along  an  eUiptiu  track 
since  their  first  ohaervation  by  Otto  Struve  in  1842;  while 
the  wide  pair,  discovered  by  Christian  Mayer  in  1777.  remains 
relatively  fixed,  although  their  systematic  union  is  attested  by 
an  identical  secukr  progress  of  about  7".  Their  spectra,  photo- 
graphed at  Tul^  Hill,  closely  resemble  those  of  the  components 
of  ^  Cygni,  the  different  patcerna  of  absorption  stamped  on 
them  forming  almost  as  striking  a  contrast  in  the  negatives 
as  the  Gulours  of  the  original  objects  do  in  the  sky.  A  similar 
corabinatiou  lb  offered  by  e  Bootia,  but  on  a  reduced  scal& 
The  ulbnimarine  satellite  is  here  poised  at  a  distance  of  only  3" 
from  its  golden  primary.  Their  spectra  have,  indeed,  been  no 
more  than  inferentially  diatinguiahed.  Miss  Maury's  scrutiny 
of  the  joint  impreasiou  left  by  them  upon  the  Harvard  plates 
made  it.  however,  fairly  certain  that,  as  usual,  the  blue  star 
is  of  Siriau,  the  yoUow  etar  of  solar  quality;  so  that  a 
relation  of  development  is  again  indicated  just  the  converse 
of  that  held,  on  d  pnori  grounds,  to  be  probable. 

The  theoretical  incongruity  is,  in  some  cases,  heightened 
by  the  Huhstitution  for  the  sun-like  primaiy  of  a  red  star 
giving  a  fluted  spectrum.  Such  a  pair  is  a  HercuUs.  An 
"  emerald "  star  of  the  sixth  magnitude,  at  a  distance  of  5" 
from  its  glowing  Icador-orb,  yielded  to  Sir  William  Muggins's 
early  examination  a  spectrum  of  precisely  the  same  character 
as  that  of  the  satellite  to  ff  Cygni      Antares,  too^  is  quite 
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Himilarly  coupled  with  n  groeti  star,  tbe  epcctrum  of  whicli, 
judging  by  the  duplex  impress  ion  6  obtained  at  Hsrvard 
College,  resembles  that  of  Sirius,  with,  it  may  be,  BomG  ap- 
proxiia^bioii  to  that  of  Frocyou,^ 

Mr.  Bumham  perfonued  in  1331  the  unprecedented  feat 
of  dividing  u  third-type  star  into  a  very  clo90  pair.  He  detected 
a  eattllite  of  tbe  niDth  magnitude  situated  within  juet  one 
Becond  of  arc  of  tj  Geminorum^  u  fioe  ted  star,  variable  in  a 
period  of  229  days,  although  its  maxima  &re  unmarked  Ijy 
any  ^dgna  of  gaHeoue  etiiisaion,  doubtleas  because  of  the  com- 
paratively slight  exbeut  of  the  light-change.  The  Bpectrum 
of  the  small  atar  cannot,  of  coutbc,  be  directly  oLeerved,  but 
its  nature  may  be  indlcSited  by  colour-obtiervationfi.  Should  ji 
glint  of  blue  or  green  be  caught  under  favourable  drcum- 
stuQcas,  the  ioference  that  it  proceeds  from  a  source  of  the 
Sirian  quality  rzin  be  unhesitatingly  drawiL  A  particular 
interest  attaches  to  tj  Ciermnorimi  as  the  only  Antarian  star 
with  a  companion  likely  to  prove  sensibly  mobile  within  a 
reasonable  hipae  of  time. 

The  spectra  of  doubk  stars  that  are  unstable  in  colour 
have  an  importance  both  evidential  and  eipljmntory.  They 
illustrate  and  ti^nd  to  expound  chromatic  phenocneua.  The 
diverflity  in  light-quality  of  95  Herculie  ifl  then  of  extreme 
signilicaucc.  These  atars,  aa  our  readere  will  remember,  are 
now  perfectly  matched-  They  are  of  equal  brightneaa,  and  of 
the  same  yellow  ahade.  But  half  a  century  ago  they  displayed 
brilliant  eomplemeutJiry  oLdiaace  in  rod  and  greeo.  And 
their  spectra  correHpoud,  not  to  their  present  uniformity,  but 
to  their  historic  contrast  Vogel  in  1899  recorded  for  one 
oomponent — presumably  the  star  formerly  ^reen — a  Sirian, 
for  itfi  twin  a  solar  spectrum.  Additioual  weight  is  thus  lent 
to  tbe  old  obaervations ;  and  a  hiritt  not  to  be  n^lected, 
is  given  aa  to  the  probability  of  future  change. 

It  is  \&i&  surprising  to  meet  with  spectral  disaimilarity  in 
the  components  of  7  Delphini.  For  they  differ  in  magnitude, 
and  very  markedly  in  colour,  noCwithetanding  past  intervale  of 
agreement.  And  it  was  just  daring  one  of  their  periods  0I 
agreement,  in  1383,  that  Vogel  found  the  larger  star  to  be  of 
eolar  type,  while  it3  companion,  now  green,  but  tfieu  colourlesa, 

^   A-  C-  MMI7,  finryvMM  AfinaU,  vol,  Xiriii.  jip,  l>2.  100, 
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^ave  a  SirifiQ  fipeclrum.  Here  £^aiii»  as  in  95  Herculis, 
apootra]  distinctions  seem  to  peraint  while  chromatic  dif^- 
tinotions  are  ititemjitely  etthced  find  restored 

A  good  many  yellow  stars  have  purplish  atcendante  of 
dubious  spectroscopic  standing.  Their  quality  ryiuaioa  on- 
tried,  ^cd  is  ditllcult  to  conjecture.  One  of  the  best  examples 
la  tj  Caseiopeiae,  a  revolving  pair  consisting  of  a  3'5  and  a  7'^ 
Stat  5"  apart.  The  piimary  emits  golden  light  marked  with 
tho  sitlar  stamp  of  absaqition  :  ita  satellite  hiis  been  variously 
described  as  violet,  rosy,  and  garnet  These  not^  of  colour, 
inileed.  supply  no  bint  as  to  the  imture  oi  the  corr^^pondijig 
spectrum;  but  some  iiidiuution  Lliut  it  is  more  "advanced" 
than  that  of  the  large  atar  may  be  gathered  from  tlie  maaft' 
relations  of  the  pair.  Their  gravitational  diKparity,  u 
determined  by  Otto  8lnive,  is  3^7  to  1,  while  their  light 
disparity  is  40  to  1.  In  other  words,  the  saL^^lliCe  is  nearly 
aeveuU^n  times  less  luminous  than  it  would  be  if  of  the 
same  mean  density  wiLli  its  primary,  and  of  equal  arejd  lustre. 
In  reality  it  ia  prol>ably  both  more  compreflscd  and  less 
Loilliant.  But  these  properties  belong  to  a  comparative^ ly 
late  Btage  of  growth,  und  should  be  associated  with  a  strongly 
abeorplive  atTuosphere.  The  precise  type  of  absorption 
characterising  dependent  stars  oP  a  violet  hue  it  would  he 
rafih  to  predict,  but  it  m  very  desirable  to  ascertain. 

A  pair  closely  reeembliug  tj  Cassiopei&e  is  f  Bootia  Again 
in  this  case  a  yellow  primaiy  of  solur  type  has  a  roee- 
purple  attendant  actively  circulating  round  iL  With  it  may 
be  classed  a  couple  iu  I'iscea  (5  303G),  colom^  "  very  little 
yellow  and  dusky  red/' '  aud  prnlmhly  0  Cephei,  composed  of 
a  sulphur- tinted  hdinm  atar  of  ^4  magnitude,'  and  an 
eighth -magnitude  violet  uttendaut  at  14". 

The  graat  majority  of  double  stare  present,  however,  the 
Bame  or  simikr  tints;  they  are  while  and  creamy,  or  suiphur- 
cclouied  and  golden,  and  the  spectra  derived  from  them 
accord  entirely  with  thesf  iuLlications,  They  are  almost 
always  variants  of  one  type.  But  the  rule  observed  in  cou- 
ttaebed  paira  that  the  smaller  is  the  oarlier  stur  is  here  in-' 
verted.     The  subordinate  members  of  systems  undistinguished 

^  Lftuv«i]tfOTth,  Pull.  L'^mder  M'Cormifl:  Ohterrtitm-if,  vol.  L  pL  if-  p,  98- 
'  A,  C,  Manty,  Jiarmrri  Annah,  vol  xxvili-  pp.  17,  1\9. 
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for  colour  often  aliow  signs  of  huvm^^  progresaed  further  on 
the  roftd  towards  extinction  than  the  lar^r  orbe.  This 
principle  iR  finely  illustrated  by  ttio  grttnd  aontrhern  binary,  a 
Ccnt&uri.  Now  thetce  aUt's  are  jilmo8L  exiicLly  eqiml  in  luaBS, 
yet-  one  givpA  only  a  i^uarter  oF  the  other's  light.  It  is  also 
more  deeply  tinted  with  yellow  ;  we  may,  indeed,  safely  infer 
tJiat  it  ie  dimmer  mainly  becaiise  of  the  additional  absorption 
to  which  its  colour  leatifiea.  The  spectra  of  the  pair. 
Bpleudidly  doliueiitc'd  in  Sir  David  Gill's  phott^rnphs,  are 
both  of  the  iwlar  das8,  hut  witli  a  difU'renoe. 

That  of  the  biilliant  componenb  is  an  exact  copy  of  the 
Fmunhofer  Bijectnim  (see  Plate  X.  Fig,  2),  while  that  of  the 
inferior  aCar  might  ho  called  poet- A  re  tunan,  manifesting  tniceH 
of  aEHnity  with  the  fluted  type  of  Betelgeox.^  The  spectral 
relations  of  a  Centanri  doubtlees  prevail  in  many  other 
ayatema.  but  they  du  not  ari^  iuevliahly,  eveti  under  quite 
similar  conditioner  Thus  the  uneijual  stars  of  7  Leonis  give 
virtually  identical  apectra  of  the  Aix^turian  or  post-Arctnrian 
flpedee;^  and  tlio  equal  stars  of  7  VLrgmis,  though  of  Hirian 
type,  are  unmark*^  by  the  emalleBt  difference  in  the  mode  of 
abBorplion.  It  would  then  appear  that,  while  two  globes 
castj  as  it  were,  in  the  same  mould,  like  tJiiise  united  in  a 
Centaiin  and  7  Virginia,  frequently  [jrocced  pari  poKu  along 
the  life-course  of  suna»  one  miiy  outrun  the  other  under  the 
influence  of  unknown  circumstancofi.  Couples  unassorted  in 
aiie  comport  themselves  diSerently ;  but  h«re»  too,  allowance 
has  to  be  made  for  ori^nal  divei-sities  el'  const itution*  or 
supervening  incidents  of  develnpmept^ 

To  resume.  The  colours  of  double  etara  aflbrd  preliminary 
iodicationa  aa  to  the  nature  of  their  spectra,  hut  c&nnot,  in  all 
be  interpreted  with  muefi  conhdeDce.  Blue  and  groen 
krs  aj-e,  as  a  nearly  invariable  rule,  the  sateUile^  of  red  or 
yellow  primitriea  They  lielong  to  thf  Sirian  tyjie,  modified, 
protiably,  by  specud  abrorptiDn  aerviiig  to  lend  predominance 
to  the  more  refrangible  rays,  and  so  produce  their  unusual 
tints.  "  Purple  "  attendant  btara  have  alao  been  observed  ;  the 
qiudity  of  light,  however*  eorrcBponding  to  thie  deeigDatiou 

^  ficknriQE'  ^^froph.  J^m.  tdI.  vi.  [l  3K). 

<  Hii^nft,  AUm  of  Spudro.  [x  104,  pImU  ilL  :  BtEloiwUky,  Aar,  MtcM.  ITa. 
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reiuains  imknovtrn.  It  m&y  prove  to  be  stamped  with  strong 
ahfiorpl-iou.  such  as  would  bo  aymptoiuatic  of  advanced  con- 
denaatioQ  \  and  if  bo.  purplish  or  vicleb  oatellitea  &re  a  radicallj 
diBtiuct  cla€3  of  bodice  from  azuro  sta^^ ;  for  tbcj  might  be 
mferred  to  be  proportionately  more  mosarve  and  less  lumiooua 
than  their  primaries,  whiJe  the  inverse  relation  doubtlesa  hold^ 
guud  in  geld  and  green  ab  well  as  in  topnK  &nd  turquoise 
mmbinations.  Stellar  pairs  of  equal  m&gnitudea  are,  witb 
the  rarest  exceptioua,  alike  in  colour  acid  epectrum.  Tbej  are 
pnDu'oaa-tintod — ecarcoly  over  puro  white — and  of  solar  or 
Siriau  type- 

The  spectra  of  conples  no  more  than  two  seeonde  apart 
can  be  separately  photogntphed  with  the  Tutse  Hill  Jipparatus ; 
and  indications  of  duplicity  are  often  obtained  from  the 
composite  nature  of  the  spectral  irapreaaionfl  given  by  ap- 
p^irentlj  aingto  stais.  Only  diaeimilar  componenta,  however, 
are  capable  of  being  thue  distinguished ;  superposed  spectra 
disdose  themselvea  aa  auoh  by  their  differenceSj  among  which 
opposite  motion  -  dieplacements  fire  occasionally  met  with. 
The  diBcrimination  of  mixed  qualiciea  of  light  in  single 
Spectro^raphic  records  la  a  branch  of  research  prcmisiag 
further  developments. 


CHAPTER    XV, 


THB   EVOLUTION    OP  THB    BTAHfl* 


The  siuifl  of  space  are  subject  to  the  sit  transit  of  mortolity. 
The  bune  has  been  when  they  were  not,  and  in  the  Lime  to 
come  thej  will  surely  ccaM  to  be.  The  '*  incorruptibility  of 
the  heaTeua"  ia  uo  longer  a  poatnlate  of  science;  it  baa  been 
in  a  nieoBuro  enporsodcd  by  tho  still  mora  antique  notion  of 
the  ''  perpetujxl  Hux  ''  of  thiu^.  Creation  is  a  procesa ;  it  has 
a  history;  and  the  records  of  its  history  are  not  wholly 
illegible  to  scitnce. 

Those  inficribed  in  the  hearena  more  particularly  invite 
att^mpta  at  decipherment.  Inquiries  into  the  phytdcal  con- 
stitution of  the  stars  inevitably  load  to  thenij  nay,  maanBibly 
merge  into  them.  In  the  celestial  regions,  more  tlian  else- 
where, we  are  impelled  to  read  the  p&at  and  future  betwean 
the  lines  of  the  presenL  There,  by  a  wonderftd  course  of 
dcTelopment,  the  designs  of  the  Maker  are  being  unfolded, 
but  with  such  majestic  leisurelineaa  that  eacli  step  represents 
the  lapse  of  millione  of  years.  To  trace  even  its  broad 
features  is,  then,  a  task  to  be  undertaken  only  with  extreme 
diffidence ;  yet  some  few  safe  principles  are  available,  guided 
by  which  we  hope  not  to  wander  far  from  the  truth- 
Long  ago  it  became  evident  to  chserration  that  nebuhe 
Wfure  the  nutricea  of  stars.  Stars  visibly  nebulous  nre  then 
in  the  earliest  stage  of  growth.  So  much^  at  any  rate,  may 
be  assumed  without  sensible  risk  of  error.  Again,  radiating 
lobee  □e4jesaarily  coudi-nse  with  the  efflux  of  time.  As  he;&t, 
'the  source  of  their  expansive  vigour,  is  dissipated,  their 
particles  succumb  to  gravity,  which  aufiers  no  waate.  They 
contract ;   the  same  quantity  of  matter  occupies  m  them  a 
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coQtiDiiHlly  diminishing  apiu^,  and  acquireB  a  proportioTutely 
more  aulisLFiiitifi]  consiateuce. 

Tht  H|ipli('ati(in  of  tliese  teate  gWee  k  conijor^iftnt  result. 
Both  point  tc  helium  stars  on  being  at  the  start  of  the 
cosmicAl  proceBQioii.  Thej  Lave  often  nebulous  apputtenancee  ; 
tbey  congregate  in  nebulous  regions ;  they  ahow  with 
nebulie  spectral  relatioua[iipi4  of  a  auhordinater  but  significant 
kind.  Their  mean  dsn^ity,  moreover,  is  known  to  be  ex- 
tremely small.  The  conditions  of  their  eclipHBs,  where  they 
form  occulting  i:ouplee,  givea  the  meJinH  of  afieigning  to  it  a 
foirly  detinibe  value ;  and  it  appears  to  be  about  ooe-eeventh 
that  of  the  aun.  This  reeult  is,  of  course,  only  preliminaiy, 
and  cannot  legitimately  be  generalised  It  serves,  however, 
to  confirm  what  evident^  of  a  diffp-rent  kind  more  vaguely 
indle&tea. 

Helium  stars  &re,  then,  the  moat  primitive  class  of  aims ; 
and  the  point  of  outset  being  once  established,  the  adTEuce 
tabes  ft  proscribed  and  inevitable  line.  We  have  a&en  that 
helium  stars  pass  by  the  fineet  gradations  into  Sirian,  Siriati 
int«  solar  stars,  and  these  nguiii  into  stars  giving  flutad 
spectra-  So  far  there  is  no  breach  of  continuity.  Individual 
varieties  must  unqueatlouably  arise,  varieties  due  to  minor 
divereitiee  of  chemical  constitution,  to  systemic  conditions,  to 
physical  iafluonces  exerted,  possibly,  in  certain  tnictB  of  space; 
but  the  great  wave  of  change  sweeps  on  indepeodently  of 
tpheae  ripples  on  it8  HUrfjit*. 

The  order  of  miccession  of  the  four  chief  atellar  familied 
leaves,  accordingly,  little  room  for  doubt,  Our  next  inquiry 
relates  to  the  rtiuse^  of  their  progreaaive  tmnsformntion.  We 
know  of  two  which  must  be  operative — dissipation  of  heat 
and  augmentation  of  gravity.  The  function  of  a  sun  is  to 
dispense,  ejiergy ;  its  distinctive  organ,  the  photcephere,  is 
precisely  au  apparatus  for  discharging  thin  function  rapidly 
and  effectively;  every  year  of  a  star's  radiation  involves,  then, 
a  corresponding  subtraction  from  its  not  unlimited  thermal 
store.  Yet  this  is  not  neceBaarily  ucuompanied  by  a  fall  in 
temperature.  Gaseous  bodies,  on  the  contrary,  grow  hotter 
as  they  cool.  This  seeming  paradox  whs  enimciated  by 
Homer  Lane  of  Washington  in  1870.  It  is  now  a  univere- 
ally  admitted  principle  of  adence.      What  is  signitied  by  it 
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i8  that  the  contraction  ol  masses  m  tho  f^oeeous  state  more 
tban  Bupplies  their  loss  of  heat  hy  radiaCiocL  It  oeases  to 
apply  when  liquefaction  aeta  in^  but  we  are  eniitoly  nualile 
tn  Hx  the  elsge  of  evolutkni  At  which  this  puint  is  reached. 
We  are  only  certain  that  the  youngest  etara,  being  unquedtioQ- 
ubly  goeeoua  to  the  core,  are  rifling  in  tempei-ature ;  tbm 
acme  is  still  to  come. 

But  avera^  temperature  ie  uot  the  same  thing  as  surCaoe 
tempeTatur€^  The  former,  in  two  radiating  globes,  may  be 
thfi  Hkme»  while  thir  latt^T  is  veiy  ditfereat.  For  it  dependG 
enentially  upon  the  rapidity  with  which  heat  con  be  cod- 
Tcyed  outward  and  upward,  and  this  agoin  ia  prescribed  by 
interior  conditioua  varyiug  with  maaa,  density,  and  radiative 
facLlitiea^  Now  Lane's  Law  ha£  to  do  only  with  average 
teniperature,  while  epectral  indications  relate  to  purely  super- 
ficiaL  hejit -conditions.  If  we  can  learn  Bomethiug  de£nite 
even  as  to  these  it  will  be  much ;  bnb  at  preaent  the  ntmoat 
uncertainty  prevails  ad  to  how  tbe  recorded  facts  should  be 
interpreted  It  seems  indeed  pretty  clear,  from  the  frequent 
occurrence  of  "enhanced"  lines  in  the  spectra  of  white  etata, 
both  of  the  Orion  and  the  Sirinn  kinds,  that  the  atate  of 
thiuga  in  their  reversing  strata  approximates  U*  that  in  tbe 
electric  epark.  while  vapours  glowing  in  the  arc  represent 
better  the  layers  absorbing  sonbeama  and  the  mya  of  Antorian 
Btare.  But  id  regard  to  the  essential  nature  of  the  differeooe, 
authorities  are  uot  unanimoua.  According  to  Sir  K'orman 
Lockyer,  Dr.  Scbeiner.  and  ottiei-Sn  temperature  alone  ia  con- 
cerned ;  the  spark  ia  hotter  than  the  arc.  Intense  molcculai 
eicitement>  due  to  the  disruptive  discharge,  gives  rise  to  altered 
modea  of  vibration,  betrayed  by  substitutions  of  new  epectml 
lioea  for  those  previously  visible ;  and  these  subetitutiona, 
reitemted  in  the  stars,  tell  emphatically  of  their  enormous 
temperatures.  On  the  other  hanJ,  Sir  William  and  Lady 
Hoggins  relegate  temperature  to  a  poeition  of  st^condary  im- 
portance, and  count  density  the  main  factor  in  spectral 
change,  their  contention  being  supported  by  imptessiva  ex- 
perimental arguments.  Their  photographs,  too,  show  some 
unexpected  sigas  uf  superior  strength  of  ultra-violet  radiation 
in  solar  aa  compared  with  white  atai's  ;  and  thia,  if  aub- 
,Btantiat«d,  would  assuredly  imply   their   higher   temperature^ 
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For  the  radiative  centre  of  gtat>ity  shifts  upward  with  increase 
of  heatj  a  relation  familiarly  illuatrated  by  tht?  whitening  oF 
re(l-hol  iron  beCore  the  meJung-poicit  ifl  readied. 

All  of  which  ie  exceediagly  perplt^xiag;  and  tberd  is 
moro  behind.  OrQTity  is  of  potent  influence  in  determining 
temperature^  The  physical  condition  of  bodies  cannot  be 
compared  without  reference  to  the  scale  of  their  conBtructioni 
and  their  spectra  vmrj  to  correspond  A  score  of  years 
Ago  Hitter  enmiciiited  the  theorem  that  "  the  aurfuce  bempera- 
torea  of  two  stars  of  equal  densities  lira  to  each  other  nearlj 
&B  the  equoro  roots  of  their  massea."'  And  ProfeeBor  Perry 
reached  quite  Lately  the  analo^ua  conclusion  that  the 
temperature  of  a  star  varies  as  the  product  of  its  age  and 
mass  so  long  as  it  behavea  after  the  nuinner  of  a  body  gaaeooa 
throughouL^  Further,  the  superficial  heat  of  Htara  ohvioualy 
depends  upon  the  activity  of  convection -currents  in  theif 
interiors,  and  these  of  course  slacken  as  viscosity  increa£e& 
This  adds  groatly  to  the  eomplosity  of  the  problemj  sinco 
the  transcendental  temperature  and  pressure  reigning  in  thd 
depth  of  atellar  globes  must  affect  in  unforeftoen  ways  the 
Tieccsiby  of  the  materials  plnced  uoder  circumatauQea  outaide 
experience. 

Clearly,  then,  the  stars  can  be  arranged  in  order  of 
temperature  only  with  hesitation  and  tentatively.  If  we 
might  accept  Bitter's  inference  thut  the  sun's  radiating  layar 
was  never  in  the  past,  and  can  never  be  in  ttie  future,  at  a 
much  higher  temi>erflture  than  that  now  belongiug  to  it, 
some  difficulties  would  he  removed.  For  it  involves  the  con- 
fiequeneee  that  the  6olar  type  of  spectrum  marks  the  culminat- 
ing point  of  BUpGr6eial  heat,  aod  that  no  star  can  be  hotter 
than  the  sun  unless  it  contains  a  larger  quantity  of  matter ; 
and  these,  if  valid,  would  provide  solid  ground  for  classifica- 
tion- But  they  are  highly  disputable,  and  we  can  only 
conclude  that  it  is  safest  not  to  dogmatise  about  relativa 
stellar  temperatures. 

Sir  William  and  Lady  Huggins  regard  as  of  pmoaiy 
importance  in  the  development  of  stars  the  gain  of  surface- 
gravity  which  inevitably  accompaoies  their  contraction.  They 
are  unqueationably  right.     Atmospheric  presEure  varies  with 

*  AtiTopk.  JttitTiL  vaL  viJi,  p  307.  '  iVaOir^  toL  It  p.  iiB. 
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giaTity,  and  the  spectral  cKarAGt^rietics  of  incandeBcent  vapours 
&re  ftOected  to  an  incalcalabLe  de^e  by  tbeir  dcnaily,  Eveiy 
Bxlilitpioti  to  gravitHtioual  power,  moreover,  dervEaa  to  qiimben 
atmoapheric  circulation.  The  tendency  to  eorting  out  by  the 
fonnation  of  concentric  shells  of  subabancee  differ iQg  in 
atomic  weight,  is  operbomc  by  the  uprushiog  of  convoctioa- 
currents.  The  atmta  becocne  mi^ecl,  and  the  heat-gnidient 
becomes  steep.  Tbese  atmospheTic  modific&tiona  axB  reftsoD- 
a.bly  mimhered  rtiaong  the  ciincurr«iili  e&uses  of  develop, 
meat  from  the  Siriau  bo  the  solar  BpC4:tra]  type.  They  muat^ 
at  any  rcLte,  be  concomitants  of  stellar  condensation,  unless 
the  path  of  progrera  is  dedected  by  unknown  ogencieB. 
It  is  well  to  remember  that  electro magEietic  forces  piny  a 
part  in  coemical  evolution — a  part  deprived  of  none  of  its 
importance  by  our  innbility  to  deSoe  its  nature.  We  can 
only  Bee  that  tbey  may  not  h&  oscluded,  and  await  patiently 
the  outcome  of  future  research. 

Ail  this  rcfera  to  the  individual  history  of  cooling  globes. 
How,  we  may  uak,  doee  it  apply  to  Che  relative  histories  of 
various  globes  diiferlng  very  greatly  in  maBs  ?  The  customary 
answer  is  that  masstveness  retards  developments  That  it 
retards  uDoling  is  ijuite  certain,  since  the  larger  of  two 
unequal  spheres  has,  relatively,  the  smaller  radiating  surface. 
Hence  the  old  view  that  change  of  temperature  and  spectrum 
proceeds  evenly  together  had  as  a  corollary  that  the  quicker 
pace  belonged  to  the  lesser  star.  Spectra  of  the  Orion  and 
Siriau  patterns  shoidd,  accordingly,  diatinguisb  orbs  on  the 
whole  of  far  more  imjioaiug  proportiona  than  those  giving 
light  of  the  solar  aad  Antarian  qualities.  Just  the  reverse, 
however,  appears  to  be  the  case.  All  practicable  modes  of 
comparison  agree  to  indicate  that  the  "  mean  "  aolar  star  senda 
out  a  larger  sum-total  of  light  ftom  a  considerably  smaller 
luminoiiB  tiurface  than  the  "  raean  "  Sirian  star^'  The  soUr 
star  is,  moreover,  the  denser  body,  and  therefore  the  more 
maasive  in  a  ratio  very  much  beyond  that  of  its  superiority  in 
luminous  power. 

But  the  most  cogent  proof  that  giant  eiuis  develop  quickly 
is  derived  from  the  spectra  of  donble  stars.  The  members  of 
binary  systems  may  fairly  be  regarded  as  contemporai]eDii& 
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Tbeii  origin  waa  in  common ;  their  deetiniea  are  indissoluble  , 
they  an*  identically  circumstaiK^d ;  they  must  be  simJlarlT 
composed-  Tliey  should  then  be  eiceptianally  trustworthy 
guidE!^  to  the  unraveiment  of  evolutioiuii-y  tirae-relationa 
Ifovr  they  inform  us.  iu  distiact  terms,  bh&t  in  contrrifited 
pftjra  the  earlier  type  of  ayectruiii  characleTiBe3  the  minor  body, 
Tbu  primary  Uing  solar  i>r  Antarian,  the  BatttUito  is  of  the 
Siriau  cUgB.  Further,  the  inequality  of  moaa  in  auch  cae^ 
is  certainly  greater  than  the  inequality  of  light  The  fimull 
hhie  rtijir  ia  mure  tenuous  fclian  the  reddish  luminary  it 
nbtends.  Theee  phenomena  enforce  the  coucIubioei  —  the 
inverae  of  Bitter's — that  Blara  of  the  first  type  ore  greatly 
leae  maseive  than  coeval  atars  of  the  aoeond. 

Here  residea  the  crux  of  the  evolutionary  problem.  We 
have  no  choice  but  to  believe  that  the  four  ages  of  stellar  life 
succeed  each  other  with  relative  praiuptitude  in  globes  built  od 
a  great  ecala  But  what  looks  like  an  inaurmoun  table  di£- 
cuity  may,  on  closer  inspection,  prove  a  moat  vnlualile  help 
towards  the  eatabliehmeuE;  ot  sound  doctrine.  Sir  Willmm  and 
Lady  Huggins  threw  out  the  suggestion  in  1897  '  that  "  the 
effect  of  great  ma^  on  surface  density,  together  with  the  work- 
ing of  line's  law,  will  favour  the  coming  in  of  a  eoUr  type  of 
spectrmn  at  a  eomewhat  earlier  relati^~e  time,"  They  indeed 
finally  rejected  the  idea;*  yet  it  is  strongly  confirmatory  of 
their  own  views  as  to  the  importJinee  of  the  gravitational 
factor  in  the  unfolding  of  stellar  hfe-history.  Rapid  atmo- 
apheric  dreulation,  imlispeusable,  as  they  hold,  to  the  production 
of  a  solar  spectrum,  would  he  set  up  earlier  in  keavi/  than  in 
liffht  glohes ;  and  the  requisite  adjustment  between  temperature 
and  pressure  should  he  similarly  ontieipuled-  That  thie  is 
what  really  happens^  we  are  aeaured  by  the  prismatic  observa- 
tion of  jewel-tinted  atar  couples. 

It  tloea  not,  however,  follow  tliat  large  fitara  are  short- 
Uvod.  The  explanation  of  the  facts  juet  offered  involves  mt 
floch  paradox.  For  it  is  amply  possible  that  the  lesser  oitlv 
of  stars  may  not  survive  to  reach  the  Antarian  stage.  They 
may  perish  on  the  way.  Extinction  perhaps  overtakes  them 
while  Btill  in  mid-eareer.  They  may  kpge  into  the  ranks  of 
"darkfitars"  before  time  has  l»en  allowed  them  to  put  on 
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any  recogniflable  badge  of  deondeuce.  If  this  be  ko,  Btare  with 
tluted  epecint  are  the  outcome  ol"  a  kind  of  uatm'al  selection. 
Tliay  are  bodies  endowed  with  aufBdeut  heat  tn  keep  tbetn 
luminous  to  the  eod,  while  otheis.  having  squaiiJered  lesH 
ampb  aupphes  by  quicker  cooling,  sink  preuatuielj  into 
invisibility.  Thia  ia  no  idle  speculation.  The  sidereal  eystan 
is  known  to  include  conntlees  non-luminous  globee,  the  origin 
of  which  is  largely  enigm&ticsl.  Their  obscurity,  most  likely, 
datetL  from  vH-rious  epochH  in  &tella.r  life.  And  tbe  Hmfillefit 
masses  ehould,  under  similar  circumstancea,  cease  lirst  from 
aun-like  existence, 

So  far,  account  has  boeo  tnken  of  only  foiir  stellar  fiimiliea, 
selected  as  the  baeie  of  the  evolutionary  ar^ment  becauHe  their 
mutual  relations  eeem  unmistokuble.  Helium  stars  ore  the 
direct  projjeny  of  nabulje.  The  fcinnation  of  u  photosphere 
definitely  niftrks  the  trauaibion.  By  the  gradual  effacement  of 
"Orion"  lines  they  merge  into  hydrogen  euns,  theee,  through 
the  creeping  into  prominence  of  inniunernble  metallic  absorp* 
tion  rays,  into  solar  orbe,  which  finally  fiass,  by  suecesaiTe 
minute  changeSj  into  the  fluted  stage.  But  what^  wb  cannot 
refrain  from  asking  ourselveSj  Ilea  beyonil  ?  Tlirougb  what 
pb&aea  of  decline  do  great  red  stai^  of  the  Antarian  order  su1> 
side  into  extinction  ?  JJo  confident  pronouncement  on  the 
subject  is  possible,  but  the  conjectnre  may  be  Imsarded  that 
a  atadiunj  of  variability  precedes  the  end  Periodic  light- 
spasms  perhaps  indicate  failing  Titality.  They  may  eventually 
die  otit,  and  be  succeeled  by  a  petmunent  minimum.  Already 
one  such  example  seems  to  be  afforded  by  T  Ophiuchi*  which 
has  for  some  time  ceased  from  ltd  annual  brighteninga.  Re- 
current maitima  may,  after  all,  be  only  flickerings  in  the 
Boeket.  This  possibility  lends  a  particular  interef^t  to  research 
into  the  causes  of  these  extraordinary  ontburets. 

Now  about  the  same  proportion  of  carbon  stars  as  of 
Antarians  are  markedly  variable.  Hence,  if  radiative  insta- 
bility betoken  deci^pitude  in  one  clasa,  it  muet  do  so  in  the 
other.  It  woidd,  ^^deod^  on  many  grounds,  be  imreaeonable 
to  set  the  two  families  far  apart  in  the  chronology  cf  the 
heavens.  Professer  Vogel  regards  them  as  collaterals.  They 
ifipref^ent,  in  his  scheme,  alternative  lines  of  descent  towards 
ihe  linal  [quenching,  there  being  a  total  absence  of  evidence 


378 


PBOBLEUS  IX  ASTEOPHY3ICS 


thftt  either  luu  spmng  from  the  ether.  The  pedigree  of  carbon 
■tAn  is,  iu  tnith,  highly  ofaBcure.  Besides  them  oaij  ooa 
celestial  tiody  shows  recognisable  traces  of  carboo  absorption, 
and  that  fW^  is  oar  boil  As  effete  amis,  accordingly.  Sir 
Konaao  Lock^er  r&nka  theae  remarkable  objects  BQt  the 
Cranffltional  epoctra  w*  abonld  expect  to  meet  with,  if  this 
were  the  case,  are  missing  Solar  sUrs  wiUi  iocipieDt  c&rb>]D 
flntiugB  are  unknowiL  Vo  road  runs  between  th«  designated 
atatJoDSu  A  line  of  comninnicatioii  is  wanting^  Kor  is  the 
development  of  Antarian  into  carbon  stars  eoay  to  admit  A 
few  itietuacea  of  nondeacnpt  banded  sp^tra  have,  to  be  sore* 
been  recorded,  and  roight  conceivably  serve  to  bridge  the  gap ; 
nothing,  however,  resembling  an  intermediaty  series  can  be 
mnde  (jut  Now  etara  without  obvious  relatioiifihips  preatunably 
developed  quickly  under  abnomial  ccnditious.  And  carbon 
Btars  oeem  to  bo  in  this  case.  They  must  indeed  have  had 
progenitorn,  although  none  openly  claim  them.  AVith  three 
stocks,  naverthelesBj  they  show  distant  afiinities,  iind  Erotn  one 
or  other  they  must  have  spruag.  Their  l>ai;ded  spectrum  can 
be  traced  in  einhryo  iu  the  huu  ;  their  dark-line  apectrum  is 
analogous  to  that  aasociiitei:!  with  Autarian  fiutinga;  their 
bright-line  spectrum  partially  matches  Wolf-Eayet  emisaiona 
Bat  these  are  no  more  than  hints  towards  a  genealogy,  of 
whioh  uature  still  keeps  the  secret 

Tliere  can  be  no  hpsitjition  in  placiug  the  Wolf-Rayet  ami 
the  brighl^liue  helium  groups  at  an  early  stage  of  cosmic 
growth.  The  I'ickeriog  and  Eydherg  hydrogen  lines,  which 
oommonly  yo  together,  are,  for  some  unknown  reaeon,  tfaaracter- 
Utic  of  a  primitive  condition,  and  they  are  essentiaJ  elements 
of  the  Wolf-Kayet  spectrum.  The  absence  from  it  of  metallic 
rayH  in  an  indication  of  the  aaDia  purjiort ;  for  they  are 
Biuularly  suppressed  in  nebatae,  while  gaining  strength  and 
depth  in  the  successive  stellar  generationa,  Vet  WoLf-Rayet 
stars  are  cot  visibly  nebulous-  Must  we  then  suppoae  that 
they  have  sprung  from  stars  that  are  i  This  is  scarcely 
poasible,  in  view  of  the  peculiarities  just  adverted  to;  nor  is 
the  admisHiou  QeceBs^iry,  Small,  compact  nebula,  vrithout 
hazy  api)endages,  are  quite  likely,  by  their  condensation,  to 
have  given  rise  to  this  class  of  etara.  If  so,  their  tcleaeopic 
slmrpueas  is  a  ueC6flBary  consequence  of  their  mode  of  origin. 
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But  the  connecting  links  have  still  to  be  detected.  Until 
they  are,  the  t^tiggeatel  jmrentage  remains  an  uzi verified 
conjectaren 

NebuJouB  aUachmente,  on  the  other  hnnd,  plainly  aeea  or 
photographedi  cot  imfrequently  declare  the  affinitiea  of  bright- 
line  helium  stars.  They  are  accordingly  at  the  outset  of 
their  careers  as  auns — that  is  to  say,  they  have  given  since 
the  time  when  tliey  were  first  formed  into  [xjwerfully  radiating 
globes  the  same  kind  of  spectrum  now  exhibited  by  them. 
It  will,  however,  eventually  become  modified;  and  the  moat 
probitble  modification  to  which,  bo  far  as  our  limited  view 
extends,  it  can  be  subject,  ta  by  the  dtBappearonce  of  its 
apeciiic  raya  of  emission.  Their  progress ive  eftacement 
might  platmbly  he  re^resentod  by  a  Rcnea  of  objects,  in  whioh 
linear  radiation  growe  leas  aud  leas,  from  y  Caseiopeiffi,  with 
its  full  eompiemeut  of  bright;  Unea*  down  to  Alcjout?,  showing 
a  Bolitory  C,  Yet  this  would  not  compel  the  admission 
that  every  dark-line  helium  star  has  traversed  a  bright-line 
phase.  Such  an  episode,  on  the  eontmry,  ean  he  inferred  irom 
many  indications  to  occur  by  exception  in  stellar  history  a^  a 
couaequence,  perhaps  of  peculiarities  of  internal  conatitutioaH 
perhaps  of  unuaual  induences  exerted  from  without,  possibly 
of  the  mutually  reactive  effects  of  both  classes  of  cause. 

We  must  be  prepared  to  meet  with  side-tracks  in  evolu- 
tion.  Nature  doea  not  run  in  a  groove.  Her  operations  are 
free  and  various;  they  defy  the  restrictions  of  feasibility 
which  a  rigid  methodism  of  thought  would  seek  to  impose. 
The  order  of  the  uoiverae  boa  a  wider  scope  than  ia  imagin- 
able by  UB.  Creative  Wisdom  disposes  of  snj^rabundant 
resources,  and,  if  we  may  dare  say  so,  takes  delight  In  bTinglng 
them  into  play.  Our  beBl  attitude  of  mind,  then,  in  attempt- 
ing to  speculate  on  the  course  of  things,  is  that  of  the  utmost 
poaaible  flexibility  to  the  leaching  of  well-ascertained  lacts. 
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Sib  WjLUAM  Absey  adverted,  in  1877/  to  the  theoretical 
efTecta  of  rotation  on  atallar  spectra.  Quite  obviously,  thej 
mimt  tend  to  mnke  the  compooent  lines  wide  ttud  diffiue. 
Poreach  line  integrates  the  displacements  {tnd  coanter-displace- 
mentB  occasioned  by  the  opposite  radial  Eaovemcnts  of  the 
limbs;  whild  the  central  and  polar  ^ecticme  of  the  difc, 
having  their  velocitiee  directed  across  tbe  line  of  sight,  s«md 
out  raya  in  their  nomml  positions,  fringed  on  either  side 
through  the  juxtaposition  of  the  Bhift*Hl  rajs.  The  amount  of 
broadeniag  in  each  particular  star  depeada,  fiist,  upon  the 
linear  speed  of  rotation,  secondly,  upon  the  position  of  itB 
axia.  If  thia  be  erect  aa  viewed  from  tbe  earth,  the  motiou- 
fihifts  will  tell  to  their  full  extent  in  spreading  the  bright  or 
dark  spectral  lines;  they  will  become  less  anrf  less  efTective  bs 
the  axis  is  less  indined,  and  will  disappear  wholly  on  its 
coincidence  with  tbe  visual  raj.  Now  there  can  be  no  doubt 
that  every  star  has  a  movement  of  gyration  as  ^/PG\\  as  a 
movement  of  translation  \  and  it  is  no  less  certain  that  steJ]^ 
spectra  are  moiiified  in  accordance  with  its  rapidity  and 
direction.  Only  the  cjuestion  of  degree  has  to  be  ccnaidered. 
Are  tbe  effects  produced  likely  to  be  appreciable  t  And  if  bo, 
have  tbey  been  perceived  ? 

The  spectrum  of  a  Aquilm  (Altair),  noticed  for  some 
time  back  as  peculiar,  has  sometimes  been  thought  to 
intimate  a  composite  origin.  It  is  of  the  Siriau  type,  but 
with  a  reinforced  contingent  of  metallic  lines ;  and  these  run 

'  Mifithhf  K<iiica,  vtfl.  iiiviu  p.  '11^.     Tlie  difllcaltie*  jq  applying  ihf  thtury 
«nv  ]Hiintfd  niJt  liy  Vcgel,  AStr.  Naek.  Nol  lldl.  • 
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together  iuto  tazy  lirinds^  tht  general  aspect  of  which  wae 
imitpated  at  Potedam  in  18i)5  in  spectrugrapha  of  the  sun 
taken  out  of  focus,^  Tbe  defective  nature  of  the  agreoment, 
howtver,  discredited  the  hypotheaie  of  a  double  spectrum, 
marked  hy  diffuse  hydrogen  abeorption  proceeding  from  one 
source,  antl  by  metallic  lines  fnstd  into  bands,  procaeding 
from  another-  Yet  M.  Deslandrea  wjnBidered  that  his 
measures  of  the  starts  radial  motion  lent  it  support.  They 
aeemed  to  indicate  velocity  variftble  in  a  period  of  forty-two 
daye,  with  minor  fluctuationB  superadded,*  Bat  the  eupposed 
multiple  sysMai  is,  according  to  I>r,  Vogel,  a  mere  creation  of 
accidental  errors/  and  a  A^]uilie  must  for  the  present,  at  any 
rate,  be  counted  a  solitary  «tar, 

Ita  spectrum  was,  in  1893,  comment«d  upon  by  Profeseor 
Pickering.^  He  had  recoursen  for  the  esplanatioo  of  its  ill- 
defiood  character,  to  the  rotational  principle,  adding  a 
caveat  baaed  on  the  improbable  greatness  of  the  required 
velocity  of  about  100  miles  per  second.  Adopted,  oever- 
thelees,  five  years  later  by  Dr.  Voge],  it  wa&  rendered 
more  plausible  by  his  reduction  to  27  kilomatrea  (16"6 
loiles)  of  the  equatorial  speed  needed  to  widen  the  lines 
Kj  the  observed  cxt^?nt.  This  rate  of  movementi  which  is 
just  double  that  of  a  point  oii  Jupiter's  equator,  might  reason- 
ably be  admitted  aa  subaiating  in  a  star.  But  the  view 
encounters  other,  and  more  fundamental  objections.  If  it 
were  true»  ^11  the  linea  in  the  affected  spectrum  should  be 
ttunilarly  difftise.  Movement  acts  indiacvimiuately.  Every 
ray  emanating  from  the  advancing  or  receding  surface  is, 
in  due  measure,  displaced.  None  can  be  exempt  from  change 
of  reftangibility.  The  occurrence,  then,  of  a  eiogle  sharp  line 
in  a  stellar  spectnim  sul^ces  to  show  that  the  hazioess  of  its 
associates  must  be  due  to  some  other  cause  than  rotation. 
And  there  are  many  sharp  lines  in  the  Bpcctruni  of  a  AquilEo, 
They  are  faintly  discernible,  as  Sir  Norman  Lockyer  pointed 
out    in    1894/  on    the    South    Kensington    plates,    and  are 


Scbiinar,  Ai/r.  Naefi.  No.  2fi24  :  FoOdtnn  P)iiU.  m.  vlL  p.  232. 
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2B2 


PROBLEMS  m  ASTEOPHTSICS 


unmifltakablx  ftppareni  in  Sir  William  and  Ladj  Huggins's 
epeciTographa.^  Those  taken  at  Potsdam  are  ao  limited  in 
raiLge  of  wave-lengtb  that  ncgiitirc  conclufiioDS  cannot  safely 
be  founded  on  tbem.  The  h7potbe«ia  of  rotation  mojsi, 
accordingly,  be  regarded  ii£  inapplicuble  to  the  case  of 
a  Aquil^e. 

Now  a  A<|oil£&  is  nob  without  analogues,  It  belongs  to 
a  pretty  nnnieroiia  atetUr  group,  diflering  in  chemical  con- 
Btitution,  but  a^eiog  in  tho  di6\iBuiies8  of  tbe  abeoiption 
traits  significant  of  it.  They  form  one  of  Miss  Maury's 
threa  collateral  seri^ — her  " Division  h"  It  emliraoefl 
no  "  advanceil "  stars ;  only  those  of  the  beliiim  and 
hydrogen  types,  with  a  few  verging  towards  the  inter- 
mediate stage  of  Prooyon,  arc  represented  in  it,  Hazy 
spectra  are  thns  a  eiga  of  coemic  youth.  They  characterise, 
without  excepiion,  the  stars  of  Miss  Maory'fi  "Group  i." 
in  which  the  Pickering  senes  of  hydrogen  je  prominent ; 
they  ceafle  to  ajipeaUf  or  appear  by  iinperfett  luilit^- 
ticns,  0OOU  after  the  Sirian  stage  is  passed.  Their 
explanation  by  opposite  diaplacements  through  aziel  move- 
moat  would  then  involve  the  consequence  that  stare^  as  they 
develop,  lose  much  of  their  rotational  speed.  There  ia^  ^^ 
however,  but  one  reeogniaed  agency  by  which  it  can  l^^^^H 
retanled — the  agency  of  tidal  friction  ]  and  it  acta  sensibly ^^B 
only  on  bodies  attended  by  closely-revolving  satellites  of 
coneiderable  relative  mass.  Solitary  sune  like  our  own 
can  have  spent  but  little  of  their  energy  of  rotation.  Actual 
velocity  in  spinning  becomeSj  in  feci,  accelerated  as  contrac- 
tion proceeds,  so  that  ageing  stars  should  have  their  sjtectral 
lines  more  broadened  by  motion  than  those  in  a  primitive 
condition.  And  since  tho  eiiect  ia  imperceptible  in  the  former, 
we  may  feel  assured  that  it  has  not  been  observed  in  the 
latter. 

Confirmatory  evidence  ia  not  wanting.  There  is  a  certain 
class  of  stars  which,  we  have  the  strongest  reason  to  beliere, 
rotate  in  very  short  periods,  and  on  axes  almost  perpen- 
dicular to  the  line  of  sight  They  combine,  accordingly,  both 
the  conditions  need&d  for  the  display  of  spectra  rendered 
diffuse  by  motion<shift3.     These  are  occulting  variables  like 

^  AUiui  qJ  Sjnutrn,  Plato  w. 
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Algol.  Since  they  revolve  in  planes  passmg  very  noarly 
through  the  earth,  and  their  equators  cannot  deviate  materiully 
&om  the  same  level,  it  ia  certain  that  virtually  the  whole 
speed  of  their  advancing  and  receding  limbe  ia  radially 
directed  ;  no  considerable  part  of  it  is  spectroscopically  in- 
effective. Further,  although  they  may  rotate  faster,  they 
cannot  rotate  more  slowly  thaa  they  revolve,  and  their  orbital 
periods  are  extraordiaurily  shorL  The  syatem  of  Algol, 
which  iB  by  nu  means  uue  of  the  quicketit  eclipaiug  pairs, 
circLilabea  in  sixty-nine  houra.  Its  equatorial  rate  of  rot^ation, 
by  ft  minimum  eatimale,  is  thirteen  miles  a  aecoud,  or  jual 
eleven  timea  the  aolar.  The  abBorption  taye  in  the  light 
from  one  Umb  aie  accordingly  displaced  towards  the  blue, 
niid  those  from  the  oppc^ite  limb  towards  the  red,  eleven 
times  more  than  the  Fraunhofer  ltne»  meaHurud  by  Yornij^ 
and  Duntr;  and  tbt^ir  eampounded  effect  in  the  Btellax 
spectrum  ia  to  widen  the  linea  by  en  amount  corre- 
sponding to  a  flpeed  of  twenty-six  milea.  In  other  words, 
each  Bhonld  spread  over  nearly  one  quarter  the  interval 
lietween  the  D-lines  in  the  sun.  The  alteration  ia,  neverthe- 
less, inconspic^uoua  Tfie  aijactrum  of  Algol  dnea  not  strike 
the  eye  aa  hazy.  The  hydrugen  series  shows  the  disteuaion 
proper  to  the  tfype.  no  more;  the  rays  of  helium,  magnesium, 
and  calcium  are  of  the  average  aharpneaa.  Now  eome  eclipaing 
stars  must  rotate  mvich  more  rapidly  than  AJgoL  U  Ophiuchl, 
for  instance,  has  a  period  of  only  twenty  hours.  Yet  in  none 
of  them  have  bluned  sjtectra  been  noticed.  Enormous 
velocities  —  velocities  most  probably  non-existent  —  would 
evidently  be  indispensable  for  their  production. 

Such  spectra  as  that  of  a  AquUBi  must  then  be  accounted 
for  otherwise  than  by  rotation-  For  the  suggested  geometrical 
cause,  which  proves  inadequate,  a  physical  canse  has  to  be 
substituted.  One  may  be  found  in  eircG^ive  pressure.  Tlie 
diGTufie  lines  possibly  originate  at  nnusuul  depths  in  the  stellar 
atmoapheree.  Sir  William  and  Lady  Huggina  advert'  to  the 
prohability  of  great  diHcrences  in  this  reepect  between  various 
fltwllar  claeaea.  In  early  etara  they  say — and  none  of  the 
members  of  *  Division  6"  are  mature — "we  may  see  deep 
down  into  the  st^r.  and  the  continuous  spectrum  may  ci^me 

»  Atlax  fff  :^M6ra,  p-  flit. 
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from  &  thick  region  of  dense  gsB,  throughout  which  little,  or 
possibly  DO  condentjalion  to  tlie  liijuid  or  the  solid  state  tak™ 
place,  Uiiiler  these  coaditioaa,  tbe  absorbiiig  gaaea  ia 
Front  of  it  \\'ill  not  be»  as  in  the  aiio»  of  very  limited  thick- 
ness, but  will  occupy  a  region  of  vaat  extent." 

The  eolar  H  and  K  illnfitrate  the  character  of  lines 
generated  in  dense  vapours  at  a  hig!i  temperature;  their 
"wiLigs/'  its  we  may  remind  uur  readerBj  being  added  in 
the  imniediate  vicinity  of  tiie  photoHphere  to  bhe  com^iara- 
tivelj  definite  linee  produced  UJ  the  upper  reversing  strata. 
Now  it  ia  a  cui'ious  fact  that  distouded  lines,  eucb  as  H  and 
Kt  are  apt  to  be  doubly  reveraed.  Dr.  Scheiner  has  noticed 
symptoms  of  incipient  illumination  at  the  centres  of  the 
brotid  hydrogen  bands  distinctive  of  first-type  stars,  and  they 
ore  eimilarly  manifest  in  Wolf-Rayet  stars  shuwing  mixed 
series  cf  emission  and  abf^orption.  Hence  the  particular 
significance  of  M.  DeslnndrCG'  detection  in  a  Aquiloj  of  fine 
"  chromospheric "  lines  of  hydroj^'en,  and  occasionally  of 
calcium  and  iron,'  euperposed  upon  the  dim,  dusky  bands 
indicative  of  the  state  of  those  Bubatances  in  the  reversing 
layer.  Diffuse  spectra  may  thus,  with  some  prolHibility,  be 
assigned  to  abortive  bright-line  stars.  Or  they  perhaps  mark 
objects  juat  losing  the  faculty  Df  specific  croiseion.  If  bo,  tbe 
mode  of  its  dep^irture  is  differeut  from  that  e:cempLfied  by 
Alcyone,  in  whjeh  tbe  dark  lines  have  their  normal  aspect, 
while  one  red  ray  sm^ives  as  the  sole  remnant  of  what  was 
perhapa  onct?  a  blazipg  spectrum.  The  future  course  of  stars 
reaembling  a  Aquilfe  can  be  brjiced  only  by  coojecture.  Bufc 
what  hints  are  at  hand  lead  to  the  supposition  that  the; 
will  proceed  by  insensible  gradations  to  the  aohtr  stage,  their 
absorption  raya  becoming  narrower,  more  numerous,  and  better 
defined  with  the  slow  advance  of  condensation. 

The  upflhot  of  our  inquiry  is  to  bring  tbe  conviction 
that  no  approach  has  yet  l:ieeu  made  towards  determining  the 
rotation  of  any  star.  Spectra  are  not  rare  compooed  mainly 
of  blurred  linea,  and  so  euggeeting  at  fitet  sight  diffu^on  o& 
the  principle  of  movement ;  the  intermixture  of  sharp  lines, 
visible  on  closer  scrutiny,  neverthele-ss  peremptorily  negatWea 
th«  suggestion.     Again,  rotational  velocity  in  the  line  of  aight 
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flhould  be  at  a  maximum  in  Algol  variablea;  yet  they  do  not 
poBsess  specially  diffuse  spectra.  Theory,  however,  need  not 
be  at  &ult  because  it  feila  to  be  verified  by  observatioiL  The 
failure  merely  informs  us  that  ita  couaequenceBj  by  their 
Bmallneea,  elude  our  means  of  discovery. 


CHAPTER    XVIL 


8PKCTIlOaCCr?lC   B1NAIUB3, 


Bbtm'ees  the  old  and  the  new  aatronomy  lies  a  region  claimed 
hj  bothj  yet  belonging  by  exclusive  right  to  neither.  This 
IB  the  department  of  spectroseopically  determined,  or  radial 
moTementfl-  Tifow  the  distdnction  between  radial  •a.ud  trane- 
verHd  movement  ia  purely  nrti6tiftl ;  it  is  Diade  iu  the 
interests  of  our  imperfect  faculties ;  nature  ignores  it 
Motion,  although  by  a.  geometrical  fiction  resolvable  ad  in- 
JinUii>rrit  is  cseentially  simple.  At  any  given  instant  it  takea 
place  in  one  direction  only.  But  if  that  direction  be  oblique 
to  oiu:  view,  we  see  the  line  of  travel  foreshortened;  nor  can 
we  tell  by  direct  vision  how  much  fureshorteued.  TJiat  is 
to  say,  the  eye  perceives  one  component  of  velocity — the 
tangential  component,  the  component  lying  aquare  before  it — 
while  of  the  other  component  along  the  visual  ray  it  takes  no 
heed.  Here  the  spectrosr^ope  comes  to  the  rescue.  Helpless 
to  deal  with  tangential  speed,  it  ean  raeaaure  radial  speed  by 
its  effects  upjn  the  refrftngibility  of  light.  The  first  method 
gives  one  aide  of  the  parallelogram  of  velocities,  the  second, 
the  other;  combining  theii^  results,  we  get  the  diagonal 
actually  traversed  by  the  observed  luminous  body,  Data 
obtained  by  visual  means  formed  the  sole  materials  of  the 
elder  gravitational  bcieuce ;  none  others  were  indeed  available 
at  the  period  of  its  growth  and  elaboratian ;  nor,  even  if  they 
had  been,  would  they  have  been  of  essential  service  id  con- 
structing planetary  theories.  In  sidereal  astronomy  they 
occupy  quite  o  different  position.  Without  them  its  progresa 
IB  crippled,  and  the  possibility  of  procuring  them  fortunately 
developed  just  when  they  began  to  be  urgently  needed. 
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As  grist  for  the  matbezuatical  mill,  motioQB  determuied 
spectroscopically  eerve  equaUy  well  with  motions  determined 
teleatiopiCHlly.  The  calculns  deala  icdiKfereiitly  with  either 
kiiLti  The  cAlculua,  however^  is  an  inatnimetit  of  preciaion, 
and  deTcanda  minute  accuracy  in  the  materialB  operated  upon. 
And  it  is  juat  the  effoit  to  eatiafy  this  demand  which  hae 
broken  down  the  barrier  between  celestial  mechanics  and 
celestial  phyeics.  For  radial  velocities  cannot  be  unadvisedly 
Bccept4jd  ;  the  line-diaplaceinetttti  aignificant  of  them  may  be 
otherwise  occasioned.  Cases  have  to  be  discriminated ;  eon- 
diticns  ecrutiniaed;  recondite  problems  attacked.  The  infor- 
maticjn  witbin  reach  ia,  nevertheleefl,  too  important  to  be 
neglected  ;  at  any  coat  of  paina  it  must  be  extricated  from 
uncertainty  and  need  for  all  that  it  in  worth  ;  and  bo  it 
has  L-ome  about  that  traditional  ristronomers  of  the  most 
tibfitract  type  find  them&elvee  involved  in  experiment^  diffi- 
culties, and  confronted  by  queations  anewerable  only  in  the 
laboratory. 

Astrophyaicista,  on  their  side,  have  no  choice  but  to  culti- 
vate the  BpectroBccpic  branch  of  djTiamical  astroDomy.  Not 
merely  because  it  springe  from  the  stem  of  pbyaical  ].^iiieipleB 
and  physical  experiencCf  but  because  the  atudy  of  its  subject- 
matter  ia  essential  to  the  furtherance  of  knowledge  reapectiug 
stellar  constitution  and  development.  Thus  eideroel  physics 
merges  into  sidereal  mechanics;  yet  somewhere  between  Ihem 
a  line  of  demarcation  must,  for  the  puiposes  of  the  present 
l)ook^  be  drawn.  Arlitnirily  drawn  iu  many  plates  it  will 
be ;  bat  there  hxg  caaea  iu  which  it  is  better  to  lock  logic  than 
limit;  and  this  is  one  of  them.  Wo  ahaU  then  regard 
spectroseopie  but  not  telescopic  binaries  oa  making  part  of  our 
aubjeet,  although  folly  aware  that  the  two  claasee  are  funda- 
mentally one.  Stellar  and  nebular  proper  lODtiona,  trans- 
versal or  radial^  must  also  aa  stieh  be  e^icluded.  Only  when 
they  give  evidence,  by  periodic  variability,  of  the  progress  of 
orbital  revolutions,  do  they  fall  within  our  scope.  Uniform 
velocitiea  in  space,  in  whatever  directioUi  or  however 
determined,  do  not  concern  as.  Foreign  to  our  theme  as  well, 
is  the  gran[l  topic  of  sidereal  tonfttrui^tion.  prenrribe^l  as  it  is 
ttnd  conditioned  by  the  tlittlnga  of  the  stjtrs.  Something,  how- 
ever, will  be  said  about  the  physical  peculiaritioB  of  the  Milky 
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Wky,  aincfi  apart  from  tliem  the  apectroscopic  relatioos  of  the 
vfljiouH  fflxailies  of  etors  and  nebula*  would  renmin  imperfectlj 
intellJgiUt. 

Spectroscopic  binges  ure  stim  teleacopicaLlj  single,  bub 
Lufen-Dil  to  bo  compound  from  the  evidence  of  a  regul&r  dow  of 
Bpcctnil  change.  The  change  is  of  a  perf^tly  dednite  nature 
It  consists  in  the  swinging  of  all  ih&  bright  or  dark  line* 
to  and  fro  in  a  fixed  period  across  their  average  poaitioua 
These,  indeed,  are  not  preuindy  tlieir  normal  teTrestriaL  pluoeB. 
Thay  ue  aSected  by  tho  motioa  of  the  sysbenL*  aa  a  whole, 
towards  or  &om  the  eye.  This  cooBtanb  element  of  shifting  ib. 
however,  oaaily  eliminated,  aod  the  circuhiting  pair  con  then 
be  studied  as  if  their  centre  of  gravity  were  at  rest  relatively  lo 
the  Bun^  Aaeriliing  tu  them,  to  begiti  wilh,  a  ciit^ulur  orhit. 
it  is  easy  tn  see  that,  at  two  diametrically  opposite  pointa — 
the  extremities  of  the  line  of  conjunction — radial  motioij 
vamsheB,  the  entire  measoroble  velocity  being  ncroea  the 
direction  of  view ;  while  at  the  corresponding  pointa  of 
greatest  elongation,  the  radial  component  represents  full  speed. 
In  an  elliptic  orbit  these  four  points  of  zero  atid  lua^LiiQum 
line-nf-aight  movement  may  be  slightly  difli>lttced  according  to 
the  aituattoEi  of  the  major  aris;  they  can,  however,  be  located 
with  the  help  of  exact  observational  data,  and  their  positions 
then  eerve  as  an  indox  to  the  Bhaptt  and  orientation  of  the 
ellipse.  One  of  its  elements,  nevertheless,  remains  incalcol- 
able.  Unless  the  revolving  staiTS  eclipse  cine  anotlier,  there  ifl 
no  meaoi  of  deberiuining  its  plaue.  It  cannot  lie  perpendi- 
cular to  the  line  of  fiight,  tW  in  that  case  all  the  motion  would 
be  tangential ;  no  part  of  it  could  be  Bpectroscopically  apparent. 
But  it  may  be  inclined  at  any  angle  short  of  a  right  angle; 
and  the  larger  the  angle,  the  smaller  the  proportion  of  the 
orbital  velocity  directed  along  tlie  visual  ray.  In  other 
words,  the  measured  rates  are  the  true  rates  multiplied  by  the 
cosine  of  an  unknown  angle.  They  are,  accordingly,  minimum 
values ;  the  actual  speed  indetioitely  esceeJfl  them.  Neverthe- 
less, it  can  rarely  be  more  than  double  the  seeming  amoontt  since 
the  chances  of  discovery  manifestly  fall  oST  for  systems  with 
highly  inclioeil  plunes.  Tliua  the  scfile  of  orbits  computed 
from  spectroHcopii:  data  is  indetermiuate ;  but  l^he  uui^ertainty 
does  not  extend  to  their  form,  which  is  as  strictly  derivable  as 
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that  of  the  patba  of  visible  binary  Btars,^  The  m&sfi  of  the 
revolving  bodieH,  however,  escapes  ua.  It  de£>enda  upon  the 
compaaa  of  their  rounds;  we  oin  only  asaign  to  it  a  value 
lees  than  which  it  cannot  be.  although  it  may  be  considerably 
greater, 

SpoctroBCopic  biLiaries  are  broadly  divisible  into  three 
classes:  those  that  are  eonBtant  in  brij^htne»8,  tbo^e  tbit  vary 
ic  light  through  eclipBes,  and  those  that  vary  in  Hght  other- 
wise thjiD  by  eclipse.  In  the  preaeub  chapter  we  aluJI 
cotthnc  our  attention  to  the  tirat  category.  And  hei^e  again 
WQ  have  to  diatin^ish  between  stars  with  brigliti  and  stars 
with  dark  companions.  In  the  specitra  of  bright  pairs  the 
lines  split  iuu>  doublets  twice  in  the  cfjurse  of  eiicb  revulutiun  i 
in  those  of  bright  and  dark  paira  they  execute  a  complete 
vibration  aimultiineously  with  the  dtisciiption  of  a  circuit,  but 
remain  always  single.  But  these  ditJerent  conditions  arc  not 
sharply  separated.  A^  usuaLj  the  rule  of  continuity  is 
observed  Satellites  are  met  with  in  iill  gradaliona  of 
luminosity.  Some  shine  uo  leas  brilliantly  than  their 
primaries,  in  which  case  the  duphcated  lines  are  exact  pairs ; 
others  are  large  hut  dim,  and  show  very  faint  raya  periodi- 
cally appended  to  the  comparatively  intense  onoa  of  tlie 
greater  orb;  while  the  majority,  remarkably  enough,  are  quite 
obscttre,  so  far  at  least  as  spectral  indications  enable  us  to 
judge. 

These  marvellooa  systems  have,  one  and  oil,  been  dis- 
covered by  spectrograph  ic  means.  The  required  conaiateacy 
ajid  certainty  of  measui'emont  are  unattainable  visually. 
They  have  been  realised  only  by  the  employment  of  chemical 
impTessioDS  comparable  night  by  night  and  year  after  year. 
The  first  result  of  the  kind  was  achieved  at  Harvard  Univer- 
eity  by  the  detection  as  a  close  double  of  ^  Uidfe  MajoriQi 
the  middle  star  in  the  Plough  handle.  The  components  are 
Sirian  sLme  of  the  eame  stamps  and  of  nearly  equal  bright- 
ness ;  hut  they  may  be  to  some  extent  I'elutively  vari- 
able,* The  nature  of  their  movemeutj*  was  long  an  enigma. 
The  period  of  104  daya  at    first  assigned    to  them  implied 


'  Tha  n«thinl  uau&Uy  employed  ij   Ghat  given  by  Luhaiatiu-Filhjte,  Attr. 

"  A.  0-  Haury.  AMmph.  Jimm*  tdL.  vLii.  p.  L7i 
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duplication  of  tlie  Hpectral  lines  once  in  52  daya.  Vet  thia 
consequence  did  not  enaue  in  fact  with  the  inevitdbleaGaa 
exacted  by  thcoTy.  OrLve  dtscrepiinciea  became  munifesF; ;  the 
anticipated  separation  cf  tho  two  spectra^  oftevi  noD-appartMit, 
WHH  always  curtailed  in  duratioD^  and  repeated  attempts  were 
bfilfled  to  get  riil  of  theae  euomalies  by  adding  n  third  body 
to  th?  system^  hy  heightening  the  eccentricity  of  the  ellipse 
traveled,  or  by  shortening  the  period  of  its  deBoription.^  At 
laat,  in  1031,^  by  a  discussion  of  a  iroab  ecrica  of  Potsdam 
spectrographs,  Dr.  Vogel  reached  a  satisfaclory  conclusioiL 
He  now  assigned  to  the  revolving  couple  a  period  of  only  20 
days  14  hours ;  the  eccentricity  of  their  orbit  came  out  =  0'5. 
so  lljat>  their  peri^^tron-app roach  is  one-half  their  mean 
distance ;  while  their  le^st  possible  mass  proved  to  be  four 
times  thnt  of  the  sun.  Up  to  tbc  present  they  seem  inclined 
to  conform  to  these  rules  of  the  roadn 

The  parallax  of  0-045"'  found  by  Klinkerfoes  for  Mizar 
(to  give  f  Uvae  its  Arabic  name)  is  likely  to  be  largely 
erroneous,  but  erroneous  by  eseesa  rather  than  hy  defect.  If 
it  he  correct,  the  star  sends  abroad  thirty-eight  times  more 
light  than  our  eun-  If  it-  be  too  largc^  the  star  is  proportion- 
ately brighter;  and,  judging  by  Hotfler'a  estimate  ^ — x^rtainly 
a  most  precarious  one — it  is  greatly  tco  large.  Since  the 
eomponenta  are  spectroseopically  uulike  the  sun,  the  ratio  of 
the  quantity  of  light  bbcy  emit  to  the  quanbiljy  of  matter 
they  contain  mn&t  be  widely  diflbrenb.  Were  ib  the  same,  a 
36-fold  brilliancy  would  imply  their  poaoeesion  of  about  160 
limes  the  aolar  mass;  whereas  Vogels  data  almost  enforce  the 
belief  that  this  value  at  least  decuples  the  truth.  This  may 
servo  to  exeitiplily  the  difficulty  of  deducing  maasiveoess  from 
luminosity.  Only  in  exceptional  cases  cah  any  fixed  propor- 
tionality be  safely  assumed  as  the  bafiis  of  calculation, 

Mizar  is  attended  visibly  as  well  as  invisibly,  A  sCat  of 
the  fourth  magnitude  cireulatee  round  it  at  a  distance  of  14* 
with  flTt  almost  imperceptible  progression.  Unless  ib  menda 
its  pacfi.   10,000    years    will    have  elapsed  before  a  revolu- 


*  Hariiird  .-Inwnlt,  vol.  xsvi.  p,   iriii.  ;  ffnrpofd  Cirifiilar,  Ho,  11  i  Awlr^ 
yaeh.  No.  atl7 ;  JUonihly  /^Uian,  vol  I  ^  ae?, 

■  Siiiat^Bbcrkh'e^  Berlin.  Bnd  M«j  IflOl  -,  Astrofh.  Jmrn,  fol.  xiii.  p.  324- 

■  Aair.yach.  No.  ^OtQ. 
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tion  ia  complebed.  It  may  he  worth  recalling  Lhat  on  IStfa 
Apri]  1841,  Madkr  waa  uruihlt?  Ui  find  this  object,  ordinarily 
plain  to  be  aeen;  and  the  failure  seemed  bo  strange  that  he 
endeavoured  to  account  for  it  by  auppoaiug  the  star  subject  to 
sudden  obscurations  like  thoae  of  jUgoL^  No  Becond  dis- 
appearance ia  OQ  record;  buD  phases  of  tbe  kind  are  extremaly 
evHfiivQ  when  no  tinte-bill  of  bheir  recurrencaa  ia  at  hand. 
The  cnnnoction  into  one  ayt^bam  of  two  close  pairs  ia  not  in 
iteelF  improbable,  although  no  such  arrangement  hae  yet  been 
ftDywhere  verified. 

The  detection  of  a  second  spectroscopic  binary  followed 
immediately  upon  that  of  the  first.  Miss  Maury  announced 
late  in  ISfiSj  as  a  residt  of  her  scruiiiny  of  the  Harvard 
plates,  that  the  abeorption  liiiea  in  the  specLrum  of  0  Aurigfe 
appear  alternately  single  and  double  once  in  forty-eight  hours. 
Hence  the  peiiod  of  revolution  ia  four  days,  while  the  relative 
Telocity  of  the  components,  given  by  the  extent  to  which 
their  spectral  rays  separate,  is  150  miles  a  second.  Their 
joint  orbit  has  bean  computed  by  Rambatit,^  LehLQaiin.Filli&,^ 
and  SchwarzBchild  *  bo  accordantly  as  to  leave  little  room  for 
improvement  They  Snd  its  eccentricity  to  be  somewhat  less 
than  that  of  the  orbit  of  Mercury  \  the  major  aTcis  makes  an 
angle  of  32"*  with  the  line  of  sight,  and  the  periastron  is  at 
the  end  farthest  from  the  earth.  The  plane  being  unknown, 
ila  dimeo^ioDG,  as  already  eifplaitied,  cannot  be  anii^rlJiined. 
If  indeed  the  observed  velocity  were  the  true  velocity < — that  is, 
if  ib  lay  in  a  level  passing  tiirough  the  eye — the  correspondiug 
orbital  radius  would  bi?  7,500,000  nulesr  and  ths  masa  of  the 
sjTstem  would  rather  exceed  that  of  4^  suna;^  but  thoee  are 
only  the  least  possible  values ;  they  may  be  ^eatly  ^urpassed- 
The  components  of  0  Aurig*  shine  with  the  Sirian  quality  of 
light;  they  are  almost  perfectly  matched,  reciprocal  varia- 
bility, according  to  Mies  Alamy,*^  causing  each  in  turn  to 
appear  the  brighter,  A  parallax  of  0"062"  was  photO' 
giflphieally  determined  for  them  by  Professor  Pritchard.  At 
the  distance  indicated,  the  sun  would  Beem  tweifty-eight  timea 


'  CoiHjilf*  Jitnrlii4,  t-  ijil  p.  138 ;  Tiuolal  \-y  Gore,  KTvAe^cd^t,  vol,  x*iL  p. 
201,  -  Mt,>uhlt/  yohr'",  \'^l.  ]i.  p,  315. 

'  A^.  ^'iick.  Xo.  3242.  *  Ibi^  No,  3«as. 

*  VogBl,  ibid.  Ho.  aOlT.  *  AmopK.  Jwim,  VftL  Till,  p,  i;S, 
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less  bright  i  it  woulJ  sink  to  the  paltiy  atatiis  of  a  5'6 
nuigniLuile  star.  If  ff  Aurigm  were  a  arn^le  ^lobe,  constdluted 
like  the  sua.  and  giving  out  a  twenty-eight^fold  eupplj  of 
lij^ht^  it  should  be  of  147-fold  dioss.  Neit^her  of  these  condi- 
tions is  fulfilled;  aud  allowance  for  their  t^aliaatioD  migl^t 
possibly  bring  into  fair  agreement  calctilacions  cf  m&BS  from 
giavLUitiona]  and  rrom  photometric  data.  In  which  case  the 
plane  of  revolution  would  deviate  but  alightlj  from  that 
traversed  by  the  line  of  3igbt 

.  The  preceding  star  of  two  named  ^  Scorpii  was  diacloeed 
as  compound  in  1896  by  Profeasor  Bailey's  notico  of  the 
doubling  of  its  apectral  lines  on  many  of  the  Draper 
Memorial  negatives.'  The  period  is  only  34  hours  42 
minutes ;  the  velxity  is  correflpondingly  high.  By  their  wide 
separation  the  Unea  tell  of  lebtive  movement  at  the  rate  of 
236  luiles  a  Bccoad,  this  heiug  the  sum  of  the  opposite 
velocities  of  the  conjoined  bodica.  Their  orbit,  apart  fram 
the  foreshortening  effect  of  its  inelinationj  has  a  radius  of 
nearly  S,000,000  miles,  and  they  posseaa  at  least  fifteen 
times  the  gravitating  power  of  the  Bun.  Tbey  show  a  helium 
epectrum ;  and  one  member  of  the  pair  is  not  only  fainter  than 
the  other,  but  fainter,  apparently,  in  a  variable  degree. 

The  epeclrographic  method  employed  at  Harvard  gup|)lies 
evidence  of  line -duplications,  but  none  of  the  ahifUngs  of 
fiolibary  liues.  This  is  eaaily  understood.  Tlie  dispersing 
apparatus  is  placed  in  front  of  the  object  glass;  the  stellar 
images  formed  ct  its  focua  are  then  ready-made  spectra. 
Hence  no  slit  ie  required,  and  without  a  elit  no  comparison- 
epectrum  can  be  availed  of.  Displacsnfnentfi  therefons  betray 
themseivea  only  when  the  raya  furnish  standards  of  mutual 
reference  by  splitting  into  pairs.  The  binary  tjature  of  stars 
hoth  bright  is,  accordingly,  discoverable  in  this  way,  but  not 
the  asaocinlion  of  a  bright  with  a  dark  body. 

The  epectroBcopic  discovery  of  these  remarkable  combina- 
tione  was  initiated  at  Potsdam.  Dr.  Vogel^  in  1890  found 
the  brilliant  Spica  (a  Virginia)  to  have  its  Bpectmia  shifted 
to  and  fro  once  in  four  days,  the  revolutions  thereby  intimated 
proceeding  at  the  rate — apart  fiom  perspective  abridgmeui 

^  ffanard  Circ)t!ar,  Nos.  U,  fil. 
^  £Usi*niiabtricfM,  Ueclin.  ^Itli  April  ISiJO;  Aatr.  XtMcJt.  ^To.  2ME. 
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of  fifby-aeven  English  miles  a  eecooti  This  iniplieHf  if  the 
compoQents  be  of  equal  mass,  a  di&tance  for  each  from  their 
cCfUimon  centre  of  gravity  of  3,100,000  milee,  and  a  joint 
mnes  2'6  times  that  of  tbo  sun.  The  epwtrum  is  of  the 
helium  type.  Sir  David  Gill  obtaiaad  a  null  result  for  the 
pamllHi  of  the  star,  which  must  accordingly  he  of  amaTJiig 
actuftl  splendour.  The  attendant  of  Spica  is  nob  wholly 
obscure*  Trac«B  of  its  spectrum  can  be  perceived,  although 
too  faintly  for  purposes  of  exact  measurement.  The  couple 
might  then  be  termed  a  hnking  instance  bet\?een  Byatems 
composed  of  twin  suns,  and  thoae  consisting  of  a  luminous  and 
a  nou-liimiTiouB  member  The  conditions  of  observiition  are 
not  only  more  arduous  iu  the  Utter  atm:--,  hut  the  djita  witEiiu 
reach  prove  less  adequate-  They  are  one-aided  ;  they  relate 
exclusively  to  the  bright  etnr.  All  that  can  be  learned  about 
its  dark  companion  is  that  it  describL^a,  in  the  eame  period, 
a  eimilar  orbit  The  awe  of  the  orbit  is  left  vague.  It  is 
lar^e  if  the  mags  of  the  body  traversing  it  is  amall,  and 
vice  -Gersd;  /lad  the  maaa  of  the  primury  is  involved  io  the 
same  uncertainty, 

A  peculiarly  intereating  hright  and  dark  couple  was  brought 
to  notice  in  1896  through  M.  a^'lopolsky's  work  with  the 
thirty-inch  Pulkowa  refractor.^  Caator.  the  lucida  of  the 
coustelLitiou  Gemini,  was  tbu  object  of  Tuk  reaejirehes;  and  it 
doDiinatei^  a  eyabem  no  leas  wonderful  tliati  that  of  ^  Uis% 
Majcria  Two  lustroue  Sirian  stars,  of  second  and  third 
magnitudes  teapcctively.  wheel  slowly  at  on  interval  of  6". 
Although  they  have  been  wards  of  ecieoce  eince  Bradley's 
measure  of  them  in  1719,  their  orbit  is  not  yet,  in  any  strict 
senflc,  Qilculable,  It  is,  however,  certaiuly  very  ereentric,  aad 
takes  many  centuries  to  describe.  A  auuiU,  distaat  star  ehares 
the  proper  motioa  of  this  majeBtic  pair,  and  is  hence  known  to 
form  with  them  a  ternary  combination,  which  the  speotroBcope 
has  rendered  quaternary  by  asaigniiig  an  invisible  satellite  to 
the  minor  component  of  the  original  binary.  Its  revolutioBS 
are  rapid  ;  they  have  a  period  of  not  quite  three  days,  oiA 
its  giavitative  power  sufTices  to  impexl  a  radial  velocity  of 
22  miles  a  second  to  the  luminous  orb  in  its  vicinity.  The 
corresponding  distance  from  the  eentie   is   1,300,000  miles; 

^  AsiToyh'  7i>ifr4,  vol-  t  p-  L 
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})al  tEiifi,  08  ill  ull  such  cAses,  \a  a  miiiimuiiL  value.  The 
ellipae  traversed  is  alightlj  more  GC<^nbric  than  the  path  of 
Mercury  round  the  eun.  And  here  arose  a  curious  complica- 
tion.' Ohvioualj,  th&  mt^rval  between  two  periastron  poss^^ges 
flhould,  if  [,he  major  axis  it^niALneil  Jixed  in  space,  he  identical 
with  the  time  occupied  iu  nmking  the  circuit  from  node  to 
noden  It  proved,  nevertheless,  to  be  notably  longer,  and  llie 
hypotheab  was,  go  to  spe&k,  compulsonly  iidcpted  that  the 
me^jor  axia  shifta  forward  aa  the  elars  revolve.  Xho  p&riod  of 
the  inequality,  as  detennioed  by  Bt'lopoisky  in  1399,  is  2100 
days.  In  tour  years  and  forty  daya  the  orbital  axia  inakes  a 
complete  gyration,  itad  ia  once  more  directed  as  at  first-  The 
cauae  aasigned  for  the  disturbance  ie  the  spheroidal  form  im- 
presBcd  upon  the  conjoined  bodies  by  their  reciprocal  tide- 
raising  power.  A  flattening  of  one-eeventh  would  suffice  to 
produce  the  observed  effect,  admitting  that  the  system  has 
the  same  dimensions  as  that  of  Algol  This  special  kind  of 
parturbatiou,  loDg  theoretically  recoguiaedj  lias  been  found 
praclicidly  (>perutive  only  within  the  narrow  precincts  of 
eloae  etolUr  systems.  Its  continued  study  m  them  luay  lead 
to  important  developments. 

The  disclosure  of  a  duplex  character  in  Capella  vm 
eminently  une:ipected.  Ite  imputation  as  an  exemplary  solar 
star,  irrepToachjLbly  regular  in  its  movements,  had  been  estal>- 
liahed  at  Potsdam,  where  the  epectrographic  investigation  of 
mdial  velocities  was  set  on  foot  in  1888.^  lEut  the  iostra- 
mental  resources  then  at  Professor  Yogers  command  were 
inadequate  to  bring  out  certain  deviations  from  the  Fraunhofer 
pattern  lately  noticed.  The  spectrima  is  indeecl  both  oscitlji- 
tory  and  compound ;  but  a  powerful  and  perfect  apparatus  is 
required  for  the  manifestation  of  these  einguiarities.  The 
diseovery  waa^  neverthelese,  made  in  duplicate  by  Professor 
Campbell  at  Lick,'  and  by  Mr.  Newall  at  Cambridge.*  It  is  of 
imique  interest. 

Capella  is  one  of  the  very  few  spectroscopic  biuariea  at  a 


^  Jiemorie  degii   Spettnmopidi  JiaSiani,   toU.  Jtxii.,   nriU. ;     BuiUCm  <U 
rAauL  da  Sciena*,  St.  Pi^Unboarg,  U  vi.  N«,  1,  (.  viii.  9*0.  2. 
'  See  ObaoTaior^,  vo!.  uiii.  p.  1^7. 

'  A^tropk.  Joan.  toI.  k.  p.  177  ;  Oba^mmtarp.  toL  niiii.  p  02. 
■  Ihid.  vo\&  xxii.  p.  430,  xxiiL  p.  03  ;  Monthly  ^'^if!a.  toI  Ijc.  p,  118. 
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determined  distauce  fron  the  earth.  The  carefuHj  revised 
parallax  of  0"081",  implying  u  light-joumey  of  forty  years, 
aaaigiied  to  it  by  Di\  Elkin  in  1397,  hti^  every  mark  of 
authenticity.  Located  thus  remotely,  our  aim  would  apjiear  aa 
a.  stur  below  the  £fth  magoitudo;  102  orbs  hk^  it  should  be 
combiQi^d  to  give  the  light  of  Capelk.  Hence  the  joint 
volume  of  the  components,  assuming  them  to  be  equal  globes 
of  solar  intrioeju  brilliancy,  muBb  hs  just  730  times  that  of  the 
BLin.  And  their  joint  maae  ahould  be  even  proportiooately 
greater,  unloas  the  trcmendoufl  force  of  internal  compreflBion 
proper  to  bodies  ao  gigantic  were  couutorbalanced  by  exorbi- 
Laat  heat,  Tbere  ia  etrong.  If  not  convinoing  evidaooe  chat 
this  is  actually  the  case. 

The  membefs  of  the  Capelhiu  system  are  unequally  luminous, 
and  differ  in  their  absorptive  qualities.  One  is  spectrogcoptcitUy 
indiatmguiabable  iicm  the  eun,  the  other,  of  about  half  it^ 
brightnees,  ie  more  akin  to  Proeyon.  It  has,  accordinglyi  been 
fbond  posBible  to  meaeiuv  separately  the  swing  of  each  set  of' 
lines,  and  they  have  proved  to  be  of  much  the  same  amplitude. 
This  means  that  the  two  bodies  are  animated  by  equivalent 
movements,  and  are  hence  nearly  equal  in  masa.  Their  revolQ- 
tiona  proceed  ia  u  shghtly  ec<ieiitric  orbit,  the  mean  radiua  of 
which,  if  Been  edgewise,  would  measuru  52,000,000  miles.  It  is 
not,  howeverjSeeu  edgewise ;  very  far  froiu  it.  Capella  poeaibly 
makes  an  excepi^ion  to  the  nilB  that  the  circulatory  plane  cf 
uon-ecUpHing  spectroscopii:  jiaira  iHuuaBcertaiuithlei  and  for  this 
reason,  that  it  may  be,  to  some  extent,  a  visual  pair  as  well. 
Mr.  JJcwall  adverted  to  the  probability,  baaed  upon  the  star's 
parallax  and  conditione  of  movement,  that  the  distance 
between  ite  components  would  subtend  from  the  earth  an 
angle  of  nearly  one-tenth  of  a  second.  Telescopic  observationa 
might  then  have  a  HucceHsrul  i^wue;  and  the  op|MjrbumLy  for 
testing  the  powers  of  great  iustrumente  was,  at  any  rate,  boo 
tempting  to  be  neglected.  Thoao  of  the  Lick  refracloi,  strange 
to  say.  thoui^h  employed  with  all  Profe&e<>r  Huesey's  Bkill, 
foiled  ic  answer  the  demand  made  upou  tbem.  The  star  was 
seen  persiebectly  rotmd^  Yet  Messrs.  Dyson  ami  Lewis  were 
persuaded  of  il^  genuine  elongation  with  the  Greenwich 
twenty -eight -inch  equatoriaL      The   components  were  never 

■  Aatr.  JouTK.  Nu.  Hi. 
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seen  clearly  divided  ^  1:0  thread  of  dark  apace  waa  perceptible 
between  them;  hut  they  formed  together  an  oral  image,  aDtl 
the  direction  of  leugtlieuiug  [:h[LiTged  coiisisteutly  with  the 
period  of  their  mutual  cii^uhitioiL'  The  ^isu&l  data  thud 
procured  even  served  for  tho  coLcolation  of  a  provifdoziol  orbiti 
and  the  mbaing  element  of  ite  inclioatioD  proved  to  have  a 
value  of  30'.  The  Btare,  if  this  be  80,  travel  in  a  plane 
makiDg  an  angle  of  GO*"  with  the  lice  of  sight',  imd  the  actn&l 
riLcliuB  of  llieir  path  \n  double  thatp  derived  from  apectroecopic 
velocities.  Il  measurcs  104,000,000  milesi  tb&de  immense 
bodies  are  not  much  farther  apart  than  the  earth  is  &om  the 
aun.  Their  mass  am  hence  be  arrived  at;  tc^ther  thoy  con- 
tain Bomewhat  more  matter  than  seventeen  auns.  This  reeultn 
thoi^h  in  many  ways  plausible,  ia  extraordinarily  discrepant 
from  what  we  may  call  the  light-value  of  the  same  elem.enn. 
If  they  gravitated  in  the  prcportion  of  their  luminosity,  these 
orbs,  as  wo  have  Bi3cn,  ehoidd  outweigh  the  aun  7^30  timc^; 
in  point  of  fact,  they  aeom  to  poaeess  no  more  than  eeventeeu 
times  the  eolar  maaa  Even  apart  from  the  Greenwich  rosolts, 
we  seem  here  to  find  evidence  that  stars  differing  enormously 
in  density  may  »how  spectra  of  the  same  stamp,  aud  that  large 
bodits  traverse  the  various  stages  of  development  more  rapidly 
than  email.  The  members  of  the  Capellan  pair » admitting  the 
alleged  facts,  are  Bome  forty  times  more  rarefied  than  the  sun ; 
liquid  hydrogen  is  a  heavy  eubstance  compared  with  them. 
They  are,  accordingly,  at  an  early  epoch  of  their  career  as 
radiant  globes,  while  their  spectra  iailicate  fall  m^tturity. 
Confirmation  is  thus  afforded  to  the  inference,  ali'eady  drawn 
from  the  spectral  diversities  of  double  atars,  that  mass  aoceler* 
ates  evolution. 

Late  in  1S96  Professor  Campbell  undertook  at  the  lick 
Observatory  a  comprehensive  iuvewtigatioa  of  stellar  radial 
motion  The  adjustment  of  the  tine  apparatus  known  oa  the 
"  Hills  epectrograph  "  to  the  great  refractor  made  this  feasible; 
and  among  ite  "  bye-proJucte,"  the  aonlyais  of  visually  single 
stars  into  revolving  pairs  is  particidai'Iy  important,  first, 
because  of  the  individual  interest  of  the  facts  collected,  ne:tt, 
oil  account  of  their  significance  in  the  scheme  of  the  Coamoi. 
The    abundance    with    which    such    sy stems    occur    is    finite 
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unexpected,  and  rerj  reraoikable.  pTofeaaor  Campbell  finds 
thiit,  of  286  atara  observed  by  him,  more  than  one  in  Dine  is 
a  fipectroBCOpic  binary.^  And  this  excludes  several  objects 
Buspecteilj  but  not  demoDstrated  to  belong  to  the  same  c-laas^ 
Aod  mukoB  no  allowance  for  those  caaes  in  which  Lhs  orbital 
plane  is  so  nearly  vertiod  that  moTemeut  in  it  makes  no 
apprccmblc  speetroBcopic  cU'ect.  He  has  then  j^i  rouaon  for 
holding  it  probable  '*  that  at  least  one  Htai  m  five  or  eix  will  be 
fouDfi  to  be  a  apectroecopic  binary/'  and  ho  is  quite  prepared 
'■  to  see  a  atiU  Ipirger  ratio  established.  The  proven  existence/' 
he  adde,  "of  eo  large  a  number  of  stellar  ejstema  diflfering 
widely  in  etructure  from  the  solar  system  gives  rise  to  a 
snspicioo,  at  least,  that  our  system  ie  Qot  of  the  prevailing 
type  of  stellar  aysteme^  The  new  field  of  aetrononiical 
research  thus  opened  up  ie  of  great  richness,  and  may  well 
occupy  the  attention,  for  an  indefinite  periodj  of  the  large 
number  of  observers  and  institutions  now  engaging  in  ite 
development.  It  is  fierhaps  unueceagary  to  say  that  the 
measure  of  euceess  attainable  is  dependent  upon  the  degree  of 
accuracy  realised  in  the  observed  veLocitioa" 

The  Lick  results  io  this  branch  are  in  several  reepecta 
ntiteworthy.^  They  show  the  wide  difi^aion  of  anangemeats 
strange  to  ejqierience,  if  adjiiissible  in  specnlatjoa  They  serve^ 
by  the  variety  of  periods  which  they  indicate,  to  narrow  the 
lacuna  between  stars  directly  seen,  and  stars  inferred  from 
Doppler's  principle  to  be  revolving,  They  bave  rendered  it 
obvious  that  no  generic  dietinettoa  separates  the  two  classes. 
A  pair  revolving  in  2^  years,  like  tj  Pegasi,  cannot  be  Bet 
apart  fondamentally  from  fi  Equudei,  with  its  period  of  57 
yeara.  It  is,  indeed,  clan  that  spectroscopic  and  telescopic 
binaries  differ  only  in  the  mode  of  their  observation  ;  not  what 
they  are  in  themfelvea,  but  the  aspect  under  which  wc  regard 
them,  baa  caused  them  to  be  artificially  disconnected. 
Already,  however,  a  tentative  beginning  has  been  made  with 
Capella  io  the  telesccpic  observation  of  HpectrosLOpic  couples; 
and  spectroscopic  detenninatioDS  of  orbital  speed,  long  a  de^ 
sideratum  for  vi^wtl  pairs,  have  been  tried  with  good  promise 

-  AMvjifL  Jbum  vol.  xl!i.  p.  99. 

^  S»  Appendix,  Table  It.,  for  i  list  of  (he  apMtnwMpic  bin*r»i  diwwvind 
dtfvn  to  the  middle  of  tk«  y&u  1002. 
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of  success.  T]idi\i(lually,  too,  the  deU?J:tioDs  amioiuiced  ^oiu 
Mount  Hamilton  &re  frequently  v:imoiia  and  BUggestiv© 
Thufl  PoUrifl  claima  the  attendance  of  two  dark  compaiiioua, 
while  the  bluer  component  of  it  Pegosi,  boeidos  citcnlsitin^ 
visibly  in  it  p^riud  of  11.'4  years,  eirculat^s  invisibly  la  six 
days.  Agab,  the  prunary  of  the  claaaic  pair,  g  Ursffi 
Mujoris,  proves  Ixi  h^ve  a  variable  radial  movemeut,  tlie  condi- 
tdons  of  which  invite  investigation.  The  duplicity  of  v 
Sagittarii  is  siguiRcant  for  a  diSerent  re&son.  The  epectrum 
of  this  star  includes  Ijright  hydrogen  liuoa;  it  waa  uoted  by 
Mias  Maury  ^  ab  compound,  and  perhaps  mutable.  Motion-dis- 
placements, giving  a  velocity-range  of  about  twenty-five  miles 
a  second,  were  measured  iu  it  by  Professor  CamplwU  iu  1899 ; 
but  tbeir  period  remaine  undetermined,  bs  well  a,3  the  extent 
t<"  which  they  are  shared  by  the  responsive  lines  of  the 
companioa-Bpcctrum,"  For  in  thia  case  both  the  stars  are 
luminous,  and  both  show  absorption  of  tba  beliura  type.  The 
exceptional  constitution  of  v  Sagittarii,  indicated  by  its 
emisHtve  symptoms,  accentuates  the  interest  of  its  systemic 
relations.  It  should  accordingly  be  an  object  of  particular  and 
persevering  attention.  Indeed,  each  of  these  wondorful  paira 
may  1>q  expected  to  develop  peculiarities  of  its  own,  demanding 
study  by  varied,  and  perb^pa  recondite  methods. 


'  Sarvard  Annalt.  vol-  xiviit  p,  ]04. 
■  Obrrrrwon/.  vaL  ixiii.  p,  12S  (A.  M,  Clerkt). 
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Stellar  eclipses  are  necesaiint^  included  among  the  phenD- 
meuji  of  fijMicLroscopic  liinarieK.  For  the  plaiies  of  a  pro^KirLion 
of  these  ejstema  must  pdsa  through  the  earth,  with  the  result 
that  the  eircuiating  h(7diea  occult  oqc  another  when  they  croaa 
the  line  of  conjimctioa  The  circumeCance  is  particularly 
valuahle  as  supplymg  a  datum  UDiittiiiuitble  with  the  spectro- 
scope for  star  couples  differently  conditioned.  The  rapid  loss 
and  recovery  of  light  wliich  tell  us  that  oue  body  la  passing 
in  front  of  the  other,  tell  ua.  at  the  same  time,  that  they 
revolve  in  an  orbit  aeen  edge  on — that  ia  to  say,  maidng  an 
angle  of  90"  with  the  "  taugent  plane  "  cf  the  sphere.  Eadial 
velocities  are,  liccordingly,  measured  in  their  true  propoTtiona, 
and  the  maseee  of  stars  giving  double  spectra  become  etrictly 
determinable.  The  duratiou  of  eclipse,  nicreorer,  indicates 
the  density  of  the  obacured  and  obscuriiig  globes ;  and  where 
the  dimeuBioDB  of  even  one  of  their  orbita  ia  known,  it 
BuppUes  a  measure  for  their  actual  diameters.  Thus  precise 
evaluations  of  the  light-chauf^es  and  radial  velocities  of  these 
singular  objects  go  hand  in  hand ;  both  kiads  of  reseai'ch 
are  ei:]Uiilly  uecessary  to  the  aiivancenient  of  knowledge  con- 
cerning ayBtema  which  are  peculiarly  interosting  becaust:  they 
are,  moro  than  any  othere  in  the  sidereal  world,  accessible  to 
investigation. 

The  ciT'cumstiinc^a  of  steUar  eclipses  are  endlessly  varied, 
and  their  differencca  are  full  of  meaning.  They  are  central 
when  the  orbit  is  din?cted  atraig3»t  towards  ua ;  they  arc 
partial  when  it  deviates  from  coincidence  with  the  line  of 
vision.      Then  the  interposing  body  may  be  dark  or  bright , 
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it  may  be  larger  or  smaller  tbao  the  globe  behmd  it. 
Supposing  it  to  l>o  aensiUy  obscure  and  the  traoait  central, 
the  i^clipac  will  bo  either  total  or  annular.  The  first  case  ia 
not  known,  atthougli  (juite  likely  l^  occur ;  no  completo 
periodical  i!iaapi>earauGe3  have  been  witaeased  Tlie  8ec€ii<l 
has  not  been  definitely  attested.  Its  ioevituiblo  indicatinn 
would  obviously  be  a  stationary  minimum.  While  the  two 
disc6  are  auperpo&ed,  the  light  must  remain  steadily  at  its 
lowest  leval;  and  if  the  oclipEo  be  annular,  the  diecs  arc,  ipso 
/aero,  superposed  during  an  appreciable  interval,  the  length  of 
which  bears  an  invt^rae  ratio  to  the  dapth  of  the  obscuratioTL 

Wliilh  fl  bright  and  ilark  pair  can  unilergo  but  one  eclipse 
in  each  resolution,  two  are  the  portion  of  a  couple  radiant  in 
both  its  nidmberaH  If  they  ore  alilie  in  Biza  and  brilliancy 
and  pass  one  another  eontrally,  the  eclipses  will  be  equal  and 
the  loss  of  light  one-ball  And  it  is  noteworthy  that  in 
natnro  this  seemH  to  be  a  soTnewhat  prevalent  HrrangemeoL 
Several  aystetna  are  known  in  which  it  miiy  subsist ;  spectro- 
scopic observalioRB  can  peremptorily  decide  whether  it  doee, 
in  fact,  subsist  or  not.  The  principle  of  their  d^ision  lies  on 
the  fiurfaeo.  Eclipees  nceeeearily  take  place  at  points  of  th& 
orbit  where  radial  motion  approximates  to  sero.  If  they  are 
duplicated  in  each  period,  the  ceaBafcion  of  movement  msxka 
at  one.  the  transition  from  speed  of  approach  to  speed  <tS 
recession;  at  the  next,  the  tjuming -point  where  apeed  '"f 
TccoBsion  changes  to  speed  of  approach.  A  minimum  of  light, 
that  ia  to  sayj  precedes  each  reversal  of  movement.  Ifj  on  the 
other  hand,  the  eolipseg  are  single,  occurring  only  once  in  a 
revolution,  the  cycle  of  iQotion  to  and  from  tbe  eye  is  oovu- 
pleted  in  tbe  interval  between  them.  The  criterion  is  tbua 
absoluto  and  unmistakable;  only  tbe  faiutneee  of  the  atars 
impedes  its  general  application.  Where  unequal  eclipsea 
alternate,  however,  the  speetroBCope  is  not  needed  to  inform  us 
that  they  take  place  two  and  two  in  each  circuit.  They  aro 
then  evidently  due  to  the  niutnjd  otcultations  of  disparate 
etars;  and  the  apeciea  of  combmatiou  tbey  indicate  is  fre- 
quently met  with-  It  is  varied  to  the  utmost,  as  might  bo 
e7q)ected,  by  gradations  of  disparity,  in  the  production  of 
which  deficient  luminosity  may  concur  with  inferiority  of 
sire,  or  be  partially  neutralised  by  its  superiority.     Thus  aa 
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each  globe  in  its  turu  comes  iu  front  of  the  other,  tberc 
rosulta  a  donblo  series  of  ecUpBes,  the  odd  ouos  (dating  from 
a  fixed  epoch)  being  perfectly  similar  each  to  each,  but  differ- 
iug  ill  depth  and  diu'a.tLon  frouj  those  of  the  eveu  or  ititer- 
m^fLte  series 

Further  divei^tiea  ariae  through  slight  tilting  of  the 
orbite,  The  eorrespotiding  eclipses  are  partial,  even  to  the 
limit  of  evanescence,  when  the  star  dieca  juet  escape  eon- 
tact-  And  it  may  be  noted  that  the  second  eclipae  in 
each  revolution,  pro[}erly  belonging  to  a  htuiiuous  pair,  may 
be  suppressed  where  the  path  traversed  ia  at;  ths  same  time 
aeneibly  inclined  and  tonaiderably  eccentric.  Partial  eclipses 
are  duubtlesa  the  iiile,  central  cues  the  exception  \  but  their 
dimAhmination  is  often  a  matter  of  some  delicacy.  Indeed, 
the  photometric  study  of  snch  phasea  is  an  art  in  iteelf,  the 
practice  of  wliicli  demands  skill,  vigilance,  and  patience 
beyond  the  common.  The  aid  of  photography,  lately  enlisted 
for  it,  is  likely  to  enhance  ita  security  and  preciaion. 

Echpeing  stars,  once  more>  are  close  binaries  circulating 
nearly  in  the  line  of  dght  Not  any  intrinsic  peculiarity,  but 
our  situation  ia  space,  determines  their  special  character, 
Rektively  to  ua,  they  tire  perioiiically  variable,  as  Spica  or 
Castor  would  become  were  our  plac«  suitably  shifted.  Their 
changes  are  of  a  distinctive  kind ;  they  are  short,  sharp,  aod 
decisive.  When  well  developed,  that  ia  to  eay;  for  photo- 
graphic photometry  may  ere  long  afford  the  means  of  detect- 
ing occultatious  barely  aJumbruted  by  a  drop  not  perhaps 
e^reeediug  one-tenth  of  a  magnitude.  All  members  of  the  cla^ 
6o  ioj  have  bejn  recognised  by  their  variation  in  brightness, 
their  accompanying  circulatoty  motion,  interred  in  all  cases, 
has  been  verified  in  only  a  few.  The  following  last  gives  the 
deaignations,  periods,  and  phases  of  the  eclipsing  stars  with 
which  astioTLomers  had  made  acq^uaintance  down  to  the  end  of 
1902.     Tliej  are  enumerated  in  the  oi-der  of  their  diacovery. 
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Algol  (fi  Pereei)  is  the  nnxld  eclipsiag  atar,  Goodricke'a 
sagacious  coDJeeture  tliat  aoch  whs  Lts  Datura,  adopted  and 
developed  hy  Pickering,  obtained  experimeiilal  confirmation 
after  &  lapse  of  107  years.  Vogel's  spectrogrsphfl  sh:>wed  in 
1889  that,  previously  bo  each  cbscui-ation,  bhe  starwaa  swiftly 
receding  from  the  earth,  while  recovered  jyighmaaa  was 
attended  by  a  aomowhat  greater  velocity  of  approach.  The 
sxceHB  IB  simply  due  to  the  fact  that  the  Bystom  la  traveUiog 
towards  the  ruu  at  the  leiaurely  [mce  of  2^  milefl  a  second. 
The  true  orbital  epccd  ia  senaibly  uuifoTm;  accelerabiooB, 
pointing  to  cllipticity  in  the  trrick  pursued,  have  not  been 
detected.  One  eclipse  takes  place  in  oach  reyolution;  the 
eclipHing  body  ia  to  all  iateuts  and  piirpoaes  a  gigantic  planet ; 
it  gives  no  perceptible  light.  The  bud  round  which  it 
drculatea  is,  on  the  t:outru,ry,  peculiarly  brilliaiilr  for  its  aiae, 
partly  because  its  absorptioUf  being  of  the  ht^hmn  typo<  pro- 
ducee  littie  or  ao  mellowing  effect  upon  its  keen  white  rays. 
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Much  has  been  learned  about  the  syatein  formed  by  these 
conlrastfti  globes.  lu  visible  iiieicber  travels  at  the  rale  of 
26^  loiiea  fi  second;  find  since  the  period  of  revolution  com- 
pnB>^3  247^735  seconds,  the  distance  of  its  centre  from  the 
centre  of  gravity  slightly  exceeds  1,000,000  miles.  The 
length  of  the  eclipse^  moreover,  gives  the  actual  size  of  the 
3tAr.  It  hjis  A  diameter  of  slightly  more  than  1,000,000 
miles,  or  about  five-fourbha  that  of  the  sun.  The  dimenHioDB 
of  the  satellite,  too,  are  approsimately  known,  Frciii  the  losa 
of  light  through  ite  interposition,  FrofcBsor  Pickering  in  1S8Q  ^ 
calciihkted  the  ratio  of  its  diameter  to  bhat  of  ita  primary  to 
be  as  764  to  1000,  The  ratio  should  be  iccreaBed  if  the 
transit  were  not  central,  which  it  dees  not  appear  to  be.  For 
the  eclipse  ia  not  aoaular,  since  there  is  no  pause  at  minimum  ; 
the  flow  of  change  ia  eontiuuoua ;  the  turning  of  the  luminouH 
tide  ie  not  appreciably  delayed ;  decline  is  immediately  sue- 
oeeded  by  restoration.  The  orbit  is  not  then  level  with  the 
eyv ;  and  Mr,  Yendeil  eonsidera  that  an  inclination  of  7'  would 
agree  best  with  the  light-curve,^  In  Vogel'a  opinion  it  is 
such  08  to  imply  for  the  dark  body  a  diameter  of  830,000 
miles,  an  estimate  which  can  hardly  be  far  from  the  truth.' 
Admitting  with  him  that  the  two  Btnrs  arc  of  eqniil  density — 
possibly  a  hazardous  assumption — we  can  infer  their  masses, 
knowing  their  respective  volumes,  and  the  circulatory  speed 
of  one  of  them.  They  are  in  tin?  proportion  of  two  to  one, 
and  both  spheres  together  contain  two-thirds  aa  much  matter 
as  our  Hun.  They  htg,  accordingly,  at  least  four  times  more 
tenuous;  but  tho  consoqneaoe  cannot  bo  said  to  dificrodit  the 
postulate  in  view  of  the  extreme  rarefaction  characterising 
white  stars  in  general  aud  helium  stars  in  particular.  The 
distance  of  Algol  from  its  sjitellite  (n.lw»4jB  on  Yogel's  hypo- 
thesis of  equal  densities)  is  3,230,000  miles,  leaving  an 
interval  between  their  surfaces  of  scarcely  more  than  2.250,000 
miles.  But  we  shuL  find  that  oven  closer  degrees  of  contiguity 
are  compatible  with  stability  in  the  mechanism  of  the  stellar 
heavenp. 

The    period    of    Algol    has    long    been    known    to    vary 

"  Prx.  Am^.  Aatdemy,  Tol,  in.  p,  37. 

'  Foputar  Aarmi/n]f,  Oct  Ifift?,  p,  300- 

^  SiJstLni/abfnefa*,  Bflrlm,  2£lh  Nov.  US9  ;  Aalr^  \fuh.  FTdS.  2947,  2960. 
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minatelj  but  cODtinuoosty.  But  ua  to  the  natuxe,  law,  or 
CAuse  of  the^o  iiiequulitiee  DoUiing  had  been  ascerwjied, 
and  little  bad  even  been  surmised,  prior  to  Llr-  Cbtuidler's 
discussion  cf  tbem  in  1888.^  Ht  provt^  them  Lo  be  elowly 
compeiiBabory,  cot  iudefiuit«ly  progressive.  Cotjfiiatently  in 
advance  of  their  due  time  down  to  about  the  year  1604,  the 
obscarations  of  the  atar  thea  began  to  f&U  behind  it,  and  the 
delay  bad  in  18^3  aeciunulated  to  156  minntes.  A  gradual 
process  of  restoration  thereupon  £et  in,  and  the  nonual  epoch 
was  reached  near  the  Ijcgiuiiiiig  of  1373,  It  was,  hfjwevet, 
quickly  traoaceoded,  for  acceleration  was  atill  going  forward, 
and  may  nob  attain  ite  temi  for  some  yeara  yet  to  come.' 
These  iircgularitiea  are  evidently  comprised  in  a  cycle  of 
conddeiably  mora  thiD  a  centuiy;  they  can  scaieely,  for  that 
veiyieaeon,  be  accounted  for  on  gnivitatioQal  prineiples;  since 
a  tihird  body,  I'evolviog  in  ao  loug  a  period,  would  be  too 
distant  to  perturb  markedly  the  movements  of  the  close  pair 
traversing  an  inner  circuit.  Dr.  Chandler  hence  reoorted  to 
another  mode  of  explanation.'  He  propoeed  bo  aooonnt  for 
the  alternate  andcipations  and  retarlattona  of  Algol's  eclipeee 
on  the  principle  of  the  equation  of  light,  They  might  reeult. 
Im  [MjinUid  out,  frum  the  description,  by  tbe  ocuultiug  pair,  of 
an  orbit  so  wide  that  the  transmiaBLOn  of  light  acroaa  it  takes 
close  upon  30Q  minuter.  The  sttxi's  phaBea  would  then  be 
obfierved  too  aoon  or  too  late  according  as  they  occurred  on  the 
hither  or  the  farther  eide  of  the  graat  ellipse.  They  would 
be  sliifted  by  turuB  bdckward  and  forward  in  time  just  as 
are  the  eelipaea  of  Jupiter'a  satellites  while  the  eartlj  performs 
ita  annual  circuits.  The  system  of  Algol  is,  on  this  view, 
triple.  Two  dark  masses  and  a  vividly  shining  one  unite  to 
form  it  The  revolutions  of  the  eolipsing  pair  round  the 
common  centre  of  gravity,  which  la  at  a  distance  from  it  ju£t 
tqua]  to  that  of  UiTimia  from  Lhe  aun,  are  acoomptished  in 
alMut  130  years,  at  the  rate  of  27  uilea  a  second  lis 
membere  are  at  present  nearer  to  ua  than  their  mean 
place,  and  their  occultations  ooneequeotly  forerun  the  mean 
timoa;  tbia  wiU  continue  until  towards  the  year  1934,  when, 

'  Attr.  i/ntni.  roL  rii.  p.  lAfi. 

■  KTntwledjfe,  vol  tv.  p.  J^fl  [A.  BI.  Cl^rfc^). 

*  ABtr.  JMirtL  Hoi-  a6&,  36^,  257' 
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OD  the  ptiaaage  of  Che  oBceiidiiig  node,  a  coicciJence  of  epoahe 
ehoulii  \re  observed.  Two  other  criteria  ai*e  upplicablti  lif 
Chandler'a  theory.  If  it  be  true,  Algol's  approttching  ayetemic 
movemenC  of  2"3  miles  a  second  should  disappear  withiti 
the  nsxt  decade,  neutralised  by  orbital  velocity  at  thai 
time  directed  away  from  tlie  «uu.  Again,  the  wide  circiiitii 
performed  in  &  plane  supposed  to  make  au  angle  of  20^  with 
the  line  of  sight,  might  be  directly  traceable  as  undui^tions 
impressed  vipon  tlie  atniighD  traek  of  the  star's  proper  motion. 
Minute  duetuations  ot  poeitioa  simulating  ttie  looked-for  eflecls 
have  indeed  been  observed  ;  but  whether  they  are  merely  casual, 
or  represent  an  actual,  though  almost  ev&neseent  phenomenon. 
ia  too  delic&ie  a  question  to  be  decided  oETband/  Twenty 
jeaiB  henca  the  waves  of  distiu'bance  may  have  defined  Ihem- 
selves;'  scarcely  sooner. 

An  alternative  bypotheBis  to  Chandler'a  wna  put  forward 
by  M.  Tisseraiid  early  in  1895.*  Injected  by  the  former 
iovestigatoF  as  iusufficient,  it  as^iimed  in  the  hands  of  t^ 
Utter  an  extremely  plausible  foim.  No  third  body  ia  de- 
manded by  it ;  a  slight  flattening  of  the  globe  of  Algol, 
together  with  a  moderate  derrree  of  etLpticity  in  the  orbit  of 
its  satellite,  meet  the  needs  of  explajiatioo.  The  combined 
effect  would  be  to  produce  a  slow  revolutlLui  of  the  orbital 
major  axis,  occasioning  juat  such  an  inecjuality  in  the  times 
of  conjnuction  aa  that  discuased  by  Dr.  Chandler  j  and  the 
fundamental  postulated  cause  ia  likely  to  be  present  Algol 
must  have  a  rapid  rotation :  otherwiBe  ite  system  could  not 
long  subsist.  That  is  to  say^  the  maximum  leogth  of  its 
axial  period  is  2^  21'',  the  period  of  its  revolution.  This 
implies  ao  equatorial  speed  of  13^  miles  a  second^  and  a 
C0D£>equeDt  equatorial  bolgiug  of  very  conaiderable  amount. 
One  of  the  coaditione  stipuhited  by  TisBerand  may  then 
be  granted,  and  the  second  can  scarcely  be  absent,  since  the 
eccentricity  of  stellar  orbits  rarely  falls  short  of  the  degree 
require"!  Verifioation  may  be  procured  by  the  apectroacopic 
detection  of  variations  of  velocity  in  different  sectione  of  Algol's 


>  Eai^aobliiger,    V.  J.  A.  A^t,  Oif.,  JAhrgftCg  %x\X-  -.  C)iu«.  Aaur-  Jo%n^ 
^^^-  SIB, 

"  Bwfi,  Af£r.  Joarti.  So,  34S ;  Y«ndoll,  iVp-  '*'"'■  I^«'  1807,  p.  *01. 
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fiatU*  But  the  cTUGial  test  ot  the  theory  is  oi  the  photometnc 
kind  At  mtervol&of  12D  yeais,  if  it  correspond  with  fact,  the 
fihortedt  and  longest  mdii  of  the  ellipse  travcTGed  would,  owing 
to  the  progresdon  of  the  apsidee,  allemately  point  towards  the 
eajth^  In  the  Srat  caaw,  the  eclipseE  would  be  abbreviate 
by  ptriiistml  Acceleration ;  in  tlie  aecond,  they  would  be  long, 
l«oauBe  the  movemeat  At  apastrotj  should  he  alow.  Tbck 
duration  at  present  approaches  to  being  the  longest  possible  ^ 
if  they  ahottea  notably  Irom  1910  onwEird,  TisQerand's 
hypotheais  will  be  amply  confirmed,  while  their  failure  to  do 
BO  will  compel  its  final  rejectLon.  Chandler's,  oo  the  other 
hand^  will  rentain  in  po^eesaton  of  the  Held  shciild  the  alleged 
periodical  dietuxhance  of  Algol's  proper  motion  be  definitively 
eBtahlishcd.  Thu8  the  rival  theoriea  alike  wait  on  the  future, 
and  invito  the  award  of  events. 

As  the  upshoti  of  a  c^treful  Banes  of  meaaurements  with 
the  Tale  heliomeber.  Dr.  Chase  ^  ascribes  to  Algol  a  panillax 
of  0'035",  equivalmb  tii  a  light-journey  of  ninety-three  years. 
If  mutually  ho  remote^  it  gives  just  Eighty  timee  as  much  light 
as  the  sun  from  a  aurface  not  very  greatly  larger,  but  fifty-two 
timea  more  brilliant — aa  inference  surprising  indeed,  hut  not 
iueredibJe. 

A  uecond  Algol-variable  was  recogntHed  hy  Hiitd  in  1848.' 
rTsually  of  82  magoitude,  S  Cancri  loses  aud  regains  more 
than  three-fourths  of  its  light  in  21^  hours,  divided  between 
8^  of  decline  and  thirteec  of  roetoration.  The  diaaymmetry 
of  the  phases  ie  increased  by  a  remarkable  pause  in  the 
brightening  after  minimum,  ns  if  a  seeondnTy  cause  of  obscura- 
tion had  Hupervened,  Nor  sliould  it  be  forgotten  that  Selunidt 
observed  on  14th  April  1662  an  excessive  darkening  of  the 
star*  which  remained  for  a  whole  hour  sunk  nearly  to  the 
twelfth  magmtudev  The  period  which,  until  lately,  was 
the  loBgest  aseertained  for  any  member  of  its  cl&as,  ie  subject 
to  a  cyclical  disturbance  embracing  at  least  300  light-cycle&* 
The  deviations  of  the  computed  minima  sometimes  run  up 
to  forty  miontea  It  will  be  of  great  interest  to  determine 
whether  they  imply  the  presence  of  a  third  attractive  body,  or 


>  StbinftW,  *'.  J.  H-  Aflr.  Oi».,  Jihrgang  it.  p.  930  ;  Siri^t,  B^.  z.  ^  «8  i 
ArgaUBiifiii  Scnner  St^L  £d.  rii.  p^  3^7- 
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whether  apheioitk]  defoimatioa  will  auffice  to  account  for  them. 
The  dimiicsB  of  S  Cancri  places  it  for  the  prcfient  beyond  the 
reach  cf  useful  specitxo^rjiphia  refiearch,  Jt8  density  has,  how- 
ever, been  calculated  by  Mr.  H.  N.  Bub9«]]  of  Princetoo 
University,^  from  the  ratio  lietween  ita  period  of  revolutiou 
and  the  duration  of  the  eclipeen  sul^reil  by  it.  with  the  result  of 
showing  that  the  atar  is  composed  of  mateiiala  forty  times  more 
attenuated  than  tboae  ct  the  sun  I     And  Xhm  is  an  upper  limit. 

Shortly  after  Hind's  detection  of  S  Cancri,  Basendoll 
found  that  its  peculiarities  were  sbai«d  by  X  Taun,  a  radiantly 
white  star  of  3^4  inagnituda  Its  eclipeefi.  as  in  several  other 
cases,  deepen  more  quickly  than  tliey  lighten.  They  atu;ur  at 
intervals  of  o'^  23^  and  laat  ten  hours,  They  do  not, 
indeed,  come  off  quite  punctually.  An  oscillatorj  disturb- 
ance of  unknown  law  affects  them,  which  occasionB  "errors** 
&om  the  computed  epochs,  amoimting  at  times  to  tlii-ee 
hours.'  PlasamAnn  regards  X  Tauri  as  continuously  variable.^ 
He  noticed  in  1891  a  hijcoudttry  dip  in  bnghtnenH  fifty  hours 
after  the  chief  minimum,  beeidcB  two  intermedi<Lte  maxima; 
and  the  Pulkowa  photographs  lent  in  1807^  some  partial 
coaatenance  to  bis  views.  They  ehowed  the  spectrum  to  be 
occasionally  and  iiat^cjuully  double,  the  fainter  rays,  by  their 
relatively  large  displacemenlfl,  bctiaytng  their  origin  from  a 
mass  greatly  Inferior  to  thut  of  the  etai-  (Jiaracterised  by  the 
leas  mobile,  and  more  intonae  abeorj»lioc-Iinca  they  aceompany. 
Thus  M.  Plassmann'e  eoccnd  eolipee  *  is  real,  thougb  incon- 
spicuous. No  orbital  elements  have  yet  been  fieaigoed  to  this 
star.  M.  B*?Iopolaky  regarded  his  materials  as  inadequate  for 
putpasea  of  computation;  and  indeed  the  movements  derive'd 
from  hifi  plates  were  of  a  somewhat  problematic  nature.  They 
gi-eatly  need  elucidation,  which  it  ought  not  to  be  verj'  ditiioult 
to  supply.  The  apoelrum  of  \  Tauri  is  of  pure  helium 
type.  The  calculated  density  of  the  pair  is  about  one-tenth 
that  of  the  sun. 

The  fourth  Algol  v?uiable  is  an  all  but  perfect  timekeeper. 
The  phases  of  5  Librfe  have  been  watched  since  1858  without 


'  Jetroph,  Jvurn.  vol,  i,  p*  S17. 

^  Scfaunrold,  Jahrcsherkht^  llKanbeim,  Hd.  xl.  p.  74. 

'  BfabiiiHun'jci%  Vcrandcrliclicr  SUntc.  Th-  ill.  p,  21- 

*  Amr.  Naeh.  Ho,  3474.  '  Jatm.  ErU.  AMr.  jiaooc  vol.  i.  pp.  137.  2fiA. 
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the  debectioQ  of  any  assured  irregularitj.  Tbey  Udt  twelve 
hours,  of  which  b\  aie  epeot  in  a  dcclme  from  5'0  lo  6^2 
magnitude,  and  6 J  in  the  reversal  i>f  the  prooeaa  The 
©clipGUig  body  appears  to  be  wholly  obscure,  but  the  spectro- 
graphjc  method  htis  not  been  &i>pliHl  to  the  system.  The  limit 
of  density  found  for  it  by  Mr.  H.  N.  RusbcII  b  oue-twenty- 
lifth  thiit  of  the  aun. 

The  phases  of  U  Coronce  are  very  Bimilar  to  those  of 
iUgol,  but  the  intervening  time  is  longer — eighty-three  in 
lieu  of  sixty-nine  houra  Each  pair,  too,  is  similarly  eom- 
poeed  of  a  bright  n.nd  dark  uiemlier,  and  thdr  mean  deoaity 
comeH  out  neiirly  the  same.  The  analogy  is  w>mplete<l  by  the 
presence  of  a  variation  in  the  period,  evidently  akin  to  ihe 
diBturbaDccs  of  Algol/  and  explicable,  doubtless,  on  an  identical 
principle-  U  Corona,  however,  ia  a  eouoparatively  faint 
object ;  at  high  light  it  is  of  only  7^5  magnitude,  uad  conse- 
quently offers  scftut  facilities  for  reeean-h. 

The  et^lipsing  By^tem  designatred  R3  Sagittarli,  ilia- 
covered  by  Gould  in  1874,  waa  aubjecl^d  iti  1896  to  exact 
inquiries  by  Alexander  W.  Roberts  of  Lovedale,  South  Africa,^ 
From  them  it  appearR  that  the  coupled  star^  are  alike  in  ai^e. 
but  so  tmlike  in  lustre  that  one  gives  more  than  twice  as 
much  light  as  the  other.  There  result  two  unequal  minima 
in  e&ch  revtdutlon  ]  at;  the  Rtst,  the  cumbineil  magnlLude  of 
6"6  dropa  to  7"6,  at  the  aecoud,  to  6'9.  The  former  has, 
beaidesj  a  duration  of  1 0**  40*",  the  latter  of  only  seven  hours : 
whence  the  orbit  is  found  to  have  an  eccentricity  of  0'25,  Xhv 
long,  deep  eclipse  occurring  at  apastron,  the  slighter  phftj*« 
coinciding  with  the  rapid  sweep  through  peria'^tron.  The 
ictervala  of  time  from  each  to  the  uesct  are  of  2*'  10"  very 
nearly ;  and  their  e<iuality  implies  that  the  major  a*ia  of  Iht 
path  pui-sued  is  directed  towards  the  earth.  The  plane  of 
the  ellipse,  however,  must  be  eomewhat  inclined,  since  the 
mutual  transits  of  the  globes  circulating  in  it  are  not  central , 
and  the  amount  of  ita  inclination  iirny  be  determined  when 
the  couree  of  lighb-change  is  more  accurately  known.  The 
gravitational  period  (as  it  may  be  called]  is,  of  course,  double 
the  eclipse -period,  or  4:"^  20'';  but  the  mass  of  the  eystem  can 


"  Chfi-tidlar,  jiMfr.  Joun.  Ka.  20fi- 
'  AUr.  Jntm,  No.  373  ;  Astroph.  J^um.  f^l,  ir.  p^  257. 
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ascertained  only  by  apecti-oscopic  maan3>  Its  brighter 
ineinber  proves  to  be  of  about  one-fiixth,  the  dim  coinponeDt 
of  cue  -  fifth,  the  aohj  density-^  All  tbeee  particulara 
have  been  gHtlierad  from  the  photometric  relatioQa  of  tlieee 
intimAtely  conjoined  bodies.  From  their  dynamical  rekticns, 
tratbe  no  less  remarkable  will  perhape  before  long  be  elicited. 


Tui,  il,-riibb«HtirlBO»*4BCf  Altfol  Vju-inblu  (Pickering 


At  Moflcow,  in  1880,  U  Ceph«i  was  added  by  Ceraaki  to 
the  Algol  family.  This  object  ie  disLingui^ed  by  the  abrupU 
U6fls  and  extent  of  its  changes.  In  fonr  and  a  half  bonra  it 
descondH  from  7"]  to  9"4  magoitiide,  tbia  profound  obacura- 
tion  lasting  for  about  two  hours,  after  which  brigbtneee 
retnniB,  almOBt,  if  not  quite  as  quickly  ub  it  departed.  The 
light-curve,  determiuetl  pfioUimetrically  by  ProfeBsor  Piuker- 
ing,  is  ahcwii  in  Fig,  21. 
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He  erpl&iiis  ita  ^mgiilantiea  on  the  hypothesis  of  ft 
eclipee  by  a  Urge  B&tm-ob«ciire  bodj/  and  allies  confiniifttoty 
9videnoe  in  &  barely  perceptible  eecoadArj  minimum  oorrv- 
spondin^  to  the  traTisit  of  the  brilliant  over  the  dusky  g]ob& 
Chandler  aarl  Yeadell,  nevetthelesa.  deny  trhe  reality  of  the 
minor  eclipse  l*  and  Wiifiing  vainly  endeavoured  in  1890  *  to 
bnng  the  ohaerved  phases  of  V  Cepbei  into  harmony  with  any 
ooDceiv&ble  form  of  the  occultation- theory.  And  the  star, 
by  ita  ^intnees,  evud^  spectrograi^ic  testa  for  motusn.  Some 
inerease  of  hlne  absorption  is,  however,  stated  to  occur  at  ilB 
□LLiiima ;  and  this  ia  Doteworthy  an  an  instance,  unique  among 
Algol  variables,  of  alteration  in  the  quality  of  their  diuiiaisbed 
raya  Irregularities  of  the  same  type  aa  tboee  of  Algol  afiect 
the  period  of  \J  CepheL  If  dependent  on  the  light-equation 
principle,  they  signify  the  deaeription,  by  the  eclipsing  oouple, 
of  an  orbit  larger  than  the  Satiunian,  in  a  period  of  betweoi 
thirty  and  forty  years.''  Chaugea  in  radial  motion,  due  to 
deEection  in  this  wide  path,  would,  if  oieasutahle,  l^id 
authenticity  to  an  ingenious  apeculation,  which  may  otherwise 
be  Buperseded  by  Tiseerand'a  hypotheais  ^  of  a  revolving  major 
azia  Mr.  Hussell  finds  U  Cephei  to  be  a  considerably  more 
tenuous  body  thaii  AlgoL 

The  exceedingly  abort  period  of  17  Ophiuchi — 20^  9" — 
and  the  halving  of  its  light  at  minimum,  suggest  that  it  is 
composed  of  twin  aune.  alternately  occulting  one  another. 
The  period  of  revolution  would,  ia  that  case,  be  twice  the 
period  of  variation,  and  the  globes  would  have  more  room  to 
cireuliite  than  if  one  uf  them  were  dark.  For  then  the  bria:f 
intervab  between  the  ecUpees  would  repreaent  each  a  c<implet« 
round  of  the  orbit,  and  the  duration  of  the  phases  would  imply 
aueh  close  proximity  of  the  bright  and  the  dark  sUrs  that  the 
gap  dividing  their  Burfaces  would  scarcely  exceed  thiee-tenthe 
of  their  joiut  mdii.  Such  an  arrangement  is  poseible  ;  a  single 
speetrogmphic  impresnion,  takeu  five  hours  before  or  after  a 
minimum,  would  abow  whether  it  actually  subetste.     If  it  do. 


'  Prvc  Arnv.  Acad.  roL  xri.  p.  &60  ;  Adf.  Hack.  Ktu  33fl£- 

*  Aitr.  Jonrn.  No.  IflO  ;  PaptUar  Aatr^  Sflpl.  1S07.  p.  tiSS. 

*  K  J^  S^  Aair.  Qis-  Jshr^^oD^  s.j<y\.  Th.  ii, ;  Foivdam  Akt^wU  Report 

'  CliandlBT,  Aiir.  Joum.  N.ii.  IftB.  294.  3»fi.' 
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the  spectrftl  lines  will  be  aingle,  thougb  sMftedi  if  cot,  they 
should  appcfu'  incipieiitly  double,  and  the  movemente  indicated 
might  unheaitAtiQgly  be  taken  to  be  included  in  a  cycle  twice 
the  length  of  the  eclipse-iuterval 

DiscoTered  by  Sawyer  in  1881,  U  Ophiu(^hi  showed  to 
Cliandler'H  jjatieut  scrutiny  individuMities  thiit  uliould  not  be 
paased  over.'  Thna  the  return  of  light  after  minimum  is 
inteiruptod  by  a  pause  similar  to  that  observed  in  S  CancrJ. 
but  which  tends  to  locomo  obliterated  in  o.  *'  mean  curve."  Its 
reality  has  not  been  established  photometrically  (see  Fig.  21), 
but  may  emerge  with  the  application  of  finer  methods. 
The  circiimBtftnce^  too,  ia  worth  remark  that — again  like  S 
Caneri — U  Ophiuchi  was  once  caught  sight  of  during  an 
abnormally  obscure  phaae,^  An  inequality  of  its  period,  com- 
prised within  thirty-seven  to  forty  years,  further  notieed  by 
Chandler,  is  perhaps  visibly  reflected  in  the  disturbance  of 
the  star's  proper  motiou. 

A  still  more  curiounly  interesting  object  of  the  eame  clsfis 
is  met  with  in  Y  CygnL  Here,  at  least,  as  M.  Duoi^r  virtually 
demonstrated  in  ldt)2,^  ccIipdeB  are  duplic-ated;  two  occur  in 
the  course  of  each  revolution.  Its  phaaes^  first  lecogniaed  by 
Chandler,  9th  December  188G,  range  from  7'1  to  7'9  magni- 
tude, and  are  completed  in  nine  hours.  But  they  were  aoon 
perceived  to  recur  with  touspiuuous  irregulaiity,*  Towards  the 
middle  of  1888  they  were  no  less  than  seven  hours  behind 
their  calculated  timce»  which  shortly  afterwards  began  to  he 
largely  anticipated.  Perturbations  on  such  a  scale  had  never 
previously  been  betrayed  by  the  oecultations  of  a  binary ;  and 
tha  task  of  accounting  for  them  by  inequalities  of  ]igh1>-traiie< 
mission  was  evidently  a  formidable  one.  The  problem  they 
offer  was,  however,  destined  to  reeeive  a  different,  and,  wo  may 
aid,  a  definitive  eolution. 

When  Duner  came  to  discuss  the  results  of  hia  own 
observations  at  Upaala  in  1891-92,  and  to  compare  them  with 
those  made  elsewhere,  he  was  at  once  struck  with  a  persistent 

^  Aitr.  Jown.  Noa.  Ift2-  2?L 
'  Si/siemef  the  atttfii,  i^.  Ul. 
'  Attr.  ^flfh.  Nu.  aoDl,  3467  ;  ditr.  Jirun^  BTq,  S6b  :  Tram.  Svedi^  Acad. 

«  YendflU.  Aatr.  Joun.  TUm.  IflS,  l^S :  Znovltdge.  vol.  3rL  p.  166  (A.  H. 
CUrt>). 
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•liecrepancy  between  the  odd  and  the  even  xU  of  minima 
The  first,  third,  hith,  and  &o  on,  ^m  on  asagned  epodi, 
ob^ed  a  kw  of  recurrence  ijuite  dielinct  &oin  Uut  oon- 
fonned  to  by  che  intervening  obscurations  Thus  in  Nfnrember 
1  $01,  the  intervola  fTom  an  evan  to  an  odd  iiiJnitimm,  and 
from  an  odd  to  an  even  miuimum^  differed  by  no  less  than  nine 
houra,  forty-three  minvite^.  Clearly,  the  cocGtant  buui  of  theee 
di8c;repant  p^riode  givBB  tbe  tnie  titae-meofinre  of  eystemic 
circulation.  Two  bright  bodies,  then,  eclipse  e^ch  other,  and 
they  Bcem  to  be  matched  "  to  a  hair  "  i  their  eclipees,  moreover, 
niuHt  be  central,  since  the  Iohh  of  lighti  amountfl  to  jasl  one- 
halt  The  disparity  of  their  interviils  depends  piTmarilT  upon 
the  eccentricity  of  the  ort>it;  Becondarily,  upon  the  t^itu&tion  of 
the  line  of  npiiidee.  It  vankheb  when  the  line  in  question 
points  directly  towards  the  earth  ;  it  attnins  a  maaunnni  when 
it  ia  viewed  at  right  angles,  for  then  the  right  and  left 
sections  of  the  eclipee  being  traversed  respectively  with  tbe 
least  and  grealent  powible  velocitiea,  the  succession  of  alternate 
occultatione  reaches  the  limit  of  time-inequalitj.  Dtmer'a 
final  Donclnsianfi  regarding  the  system  were  expre^ed  as 
folIowB  : — ^ 

"  ThR  variable  star  Y  Cygni  conaiPtfl  of  two  stars  of  eqoflJ 
az^  and  e([ual  brightnoBs,  which  move  about  their  common 
centre  of  gravity  iu  an  elliptical  orbit  whose  major  axis  is 
eight  timed  the  radius  of  the  etara.  The  period  of  aa  anomal- 
istic revolution'  is  2-996933  days,  and  the  eceentiicity  ift 
0"145.  A  minioum  occurrad  while  the  stars  were  at  peri- 
afltron,  on  8bh  December  1885.  The  line  of  apsidea  of  the 
orbit,  which  then  coincided  wibb  the  line  of  sight,  completes  one 
revolution  in  the  plane  of  the  orbit  in  41'1  tropical  yeara." 

The  next  coincidence  of  the  kind,  if  the  above  elemente 
ure  correct,  should  take  pkce  in  190G-  Tbe  compelling  can^e 
of  the  orbit's  gyration  remains  to  be  investigBted-  It  may  be 
found  in  disturbance  exercised  by  an  unseen,  exteriorly  revolv- 
ing mase  upon  the  conjoined  suns;  or  their  own  spberoitlal 
ehapo  may  be  solely  concerned  in  producing  it;  the  question 
has  an  important  bearing  upon  the  construction  of  all  eucli 
syBtems,     The  linear  dimensiona  of  the  orbit  of  Y  Cygni  will 

^  S.B,  th«  iutCTThl  bBtwHu  QUO  |Kiribe]icn  paBaB^  >&<]  the  but. 


unqueatioDably^  be  deUrEiined  ere  long  with  the  spec.Lroacope, 
wht^Qce  the  iu^sb  of  tbe  bodius  tmvelling  in  it  will  at  once 
follow.  A  mean  denaiby  leea  than  one-sixth  the  soto  ie 
ftscTibed  to  Ihem  witb  eome  coufidence.^ 

TJie  vamtioBB  of  E  Cams  Majoria,  detected  by  Sawyer  in 
1887,  have  been  trtti*d,  as  it  were,  only  m  outpline.  Theb- 
period  13  28"  lO"',  five  houra  of  which  are  occupied  by  the 
phases,  and  since  the  star  fades  to  h^  its  normal  lustre,  they 
are  likely  to  be  conditioned  much  aa  are  those  of  Y  Cygni. 
Two  eimiUir  globes  presumably  undergo  them  in  turn,  mutually 
revolving  in  double  the  period  of  their  oeeultationa 

The  character  of  R  Atie  waa  noticed  by  Mr.  A.  W.  Eubertft 
in  1391.^  He  considers  the  eclipBea,  wliich  recur  once  in 
4*^  10'',  to  be  not  always  of  the  some  depth  ;  but  this  symptom 
of  intrinsic  variability  in  one  or  both  of  the  transiting  etare 
neeiis  ta  be  vmfied.     The  curve  at  minimum  is  symmetrical. 

The  nature  of  X  Carinie — another  southern  variable  dia- 
covered  by  Roberta  in  1S92 — ia  sLiil  dubious.  It  changea  from 
79  to  d'6  magnitude  in  Gf*  39%  and  remains  constant  only 
during  6*"  SO".  So  that  the  phases  eatend  over  more  than 
half  the  period  of  vjtriation,  which  must  evidently  be  doubled  to 
give  the  period  of  revolution,  since  no  eclipse  cati  po^ibly  have 
a  dunition  of  more  than  one-half  the  occulted  body's  orbiDal 
circuit.  The  alternate  minima  of  X  Carinai  are  thought  by 
Itoberte  ^  to  be,  to  a  very  small  extent,  unequal,  and  to  succeed 
each  other  at  slightly  chfTerent  intervals.  If  this  be  eo,  the 
ejBtem  ia  composed  of  two  Btars,  one  a  little  brighter  than  the 
other,  pursuing  a  nearly  circidar  track  in  a  period  of  twenty- 
six  boors,  and  in  such  dose  contiguity  that  the  tim^-n  during 
which  their  disca  overL&p  are  longer  than  the  iotervald  of  their 
apparent  separation.  The  actual  subsistence,  howevern  of  thlSp 
or  some  analogous  arrangement  has  yet  to  be  proved. 

The  variations  of  Y  Bootis  are  also  more  or  lesa  enigmati- 
csL*  They  ^re  limited  to  six-tenths  of  a  magnitude,  and  have 
a  period  rather  shorter  than  that  of  Algol.  The  edi^ieing 
character  of  Lbi^  t^igbtli'magnitudt;  star,  suggested  by  Park- 

'  RoHwU,  ^ttrcftfi.  JourJi.  vol,  x.  p.  SIS, 

^  Attr.  Jvttrn.  Nu,  337,  SB3. 

*  Jhid.  No.  3S3  i  Attroph.  Journ.  vol  ir.  p.  272. 

'  CLHudlar,  "Tliird  CaUluguv  ljI  Yaiiible  SUri,"  AM.  Jimm,  No.  570. 
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hniBt  in  18d3.'  waa  confirmed,  on  the  atrengtb  of  a  year'a 
obeervaUons,  by  YendelL  Chandlei,  Deverthdoss,  oxpreasea 
doubts  aa  to  its  genuineneBs,  which  is  comproniised  by  extm- 
ordijiSiTY  anomalies,  }iardJy  ameDabli!  to  expktnaLory  efTarta. 
The  pn^ilicted  minima  do  not  alwaja  occur,  and  Lheir  failures 
aeem  capricious  and  incoofieqaentiaL  But  tf  they  depended, 
ao  Farkhui^t  thinks  they  muat,^  upou  a  certain  critical  iadina- 
tioQ  of  the  orbit,  c^u^ing  traneite  to  be  occoaioiiaJly  miBfled,  ft 
IftW  of  pt'riodiciLy  should  be  tractable  in  the  lapsed  phenomena. 

The  obscuratioua  of  S  Velomm  recorcled  thi^msetves  dd  the 
plates  of  the  C&pe  "  Dmchmuatening,"  and  liie  record  was  duJjr 
interpreted  by  Mr,  Bay  Woods  in  1894.*  TJiey  are  marked 
by  trbe  Bimio  ijocidiaritiea  as  those  of  U  Cephei,  and  ppoljably 
indicate  total  effacementa  of  a  radiant  sun  by  the  prolonged 
tmnGitB  acroHs  it  of  a  voluminous,  but  dimly  Hhining  cora- 
panitm  Hjibere,  the  diameter  of  which,  aeeording  tt>  Roliertfi.* 
cannot  fall  abort  of  half  the  distance  between  the  revolving 
bodiefi^  Their  respective  denaities,  aa  estimated  by  him,  are 
0"61  and  0-03  that  of  the  aiin,^  the  duaky  mass  proving,  on 
the  asHumtKl  data,  to  he  twenty  times  more  rarefied  than  the 
brilliant  one.  A  disparity  bo  extreme  cannot  readily  \iG  ad- 
mitted as  real  If  only  the  Btfir  could  be  elevated  on  the 
photometric  acaW  tbc  takiog  of  a  few  Epectrographs  would 
at  once  acquaint  as  with  the  true  plan  of  itB  system;  bat 
its  fointnese — 7"8  inagoituUe — must  long  continue  to  baflie 
©xperimenta  of  this  kind. 

A  icodifiud  speoimeu  of  the  Y  Cygoi  sub-cliisa  is  met  with 
in  Z  HerculiB.  Its  eclipsing  character  wjia  announced  by 
Cliandler  in  1694 ; '  about  a  month  later*  Hartwig  and  Dim^r 
indopondently  detected  in  it  a  double  aequence  of  disparate 
minima,  with  periods  respectively  of  Forty-seven  and  forty-nine 
houra.  Hence  the  revolution  of  a  pair  of  unequally  bright 
Bt&ra  in  a  period  of  juat  four  days  was  inferreJ  with  virtual 
certainty.^     In  M.  Dim^r'a  words,    "  2    Herculia   consista  of 

^  AMr.  Jimrn.  Ncl  526.  >  Hiid.  Tfos.  32«.  304.  41A. 

"  Mor^tkrif  I^'olita.  vol  It.  p.  211. 

*  jislr^  Jovrn^  No.  327  ;  Atir<^K.  J9%m.  roL  ir-  ju  270h 

'  Ihi^.  ToL  4.  p.  3U.  ■  KhIbt.  <bU.  Fol,  ],  >  233. 

^  Adv.  J*mm.  Xo.  228, 

*  Adrosih.  /flim.  vals.  i-  p-  294  :  Ui.   p-  34S :  Atlr  Jrjvnt.  Xoft  «74.  Sa4, 
123. 
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two  etoTH  of  equal  size,  one  of  which  ia  twice  *ls  bright  bb  the 
other.  These  atare  revttlve  rouud  their  comiuoa  centre  of 
gravity  in  on  elliptical  orbit,  the  semi-axis  mapjor  of  which  is 
sis  times  bho  diomcbor  of  the  Btara.  The  plane  of  the  orbit 
passes  through  the  aim,  the  eccentricity  is  0^:^47^,  and  the 
line  of  apBides  is  inclined  at  an  angle  of  4'  uo  the  line  of 
sight."  The  chief  minimum  Inets  66  hours,  and  occurs  not 
fat  ijpom  apMtron.  The  secondary  phase  is  hurried  through 
in  four  houna,  when  the  stars  are  moving  with  nearly  their 
greatest  speed.  It  is,  however,  unlikely  that  this  relation  will 
ccntinne  unchanged  ;  ^  since  it  inay  be  taken  almost  aa  an  ajdom 
that  orbits  so  conditioned  pivot  round  in  space,  tnniing  their 
longest  axes  auccessively  iu  every  direction. 

The  6iHt  Algol  variable  photographically  dittcovered  was 
WDelphini.  On  18th  July  1895,  Mias  Louisa  D,  Wells  mi&sed 
a  S'3  magnitude  star  from  a  Harvard  plate  exposed  26th  Sept- 
ember 1S91,^  while  uponseventy-oneearlier  and  snbeequout  ones 
it  was  normally  imprinted.  The  one  tell-tale  photograph  had 
been  taken  during  eclipse,  when  it  sinks  lo  12'1  magnitude — 
that  is  to  say,  eleven-bwelfths  of  its  light  arc  cnt  off  by  the 
ioterposing  body,  Pickering'  l>elieve5  the  latter  to  be 
pai'tially  luminous  and  very  large,  aiibrding  prolonged  total- 
ities, but  the  photometric  curve  (see  Figure  21)  hardly 
warrants  this  aesumption.  It  ia  fairly  sharp  at  minimum^  not 
flat,  like  that  of  U  Cephpi^  and  correHponds  better  with  a 
partial  uuculbabion  by  a  wholly  dark  satellite  than  with  the 
central  transit  of  one  dimly  radiative.  The  period  is  not 
constant.^  Deviationa  from  regularity  amounting  to  one  hour 
had  become  manifest  early  in  IS9S. 

The  phases  of  a  seventh -magnitude  star  (DM-f-  12"  3557) 
named  RX  Herculia  were  iliacovered  by  Siiwyer  in  1898.* 
Tljcy  rattge  over  eight-tenths  of  a  magnitude,  and  recur  at 
mtcrvalfl  of  SI"*  21'",  Like  those  of  U  Opbiuchi,  they 
probably  indicate  the  revolution,  in  double  that  period,  of  two 
equal  Etars;  and  since  the  minimum  brightnesB  is  just  one- 
half  the  maximum,  their  mutual  occultatious  may  be  total 


1  YfuUDU,  ibid.  Xo.  3fl0. 

'  Uartfarit  Circ«iar$j  5«*.  8,  4. 

*  Aiiroph.  Jaam.  toL.  iii.  p.  213.  *  Fickedng,  i^.  voL  yil,  p.  23. 

*  ^i£r.  Jmrn.  Sm.  447,  4b0 :  Liilzet,  Jirtr.  ^ach.  No.  S^&6. 
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The  variabiUbf  of  IV  Puppia  (CTD-4l^   1681),  noticed 

b^  l^fesQor  Kapicyn  duritig  Iiib  iiispectiou  of  the  Cape 
Durchmusterung  negativea,  was  verified  and  <lefiDed  by  Mr. 
InneB  in  1899.^  The  period  at  first  aaeigned  of  nearly 
tbirteen  days  was  abridged  to  one-hiilf  that  lengtli  by  Mr, 
Hfibcrts's  invostigaticns.^  The  lighl  fadea  at  minimum  to 
one-tbird  ila  full  amouitt,  through  the  int^rYontiou  of  a  dimly 
luminous  maee. 

U"  Cygni  and  V-  Cy^'ui  wyr©  both  detected  by  Madame 
Ceraald  in  studying  photogftiphs  of  the  sky  taken  at  Mo3Ci*w  * 
They  undergo  analogous  cbangea,  inveatigated  at  Harvard  Coltegft 
in  1899-1!*00.*  Those  of  U"  Cygni  are  remarkable  for  their 
extent,  Iht  groateat  known  in  an  eclipsing  star,  uoleae  (whiob 
is  doubtful)  W  Delphini  should  be  bracketed  with  it,  V* 
Cy^'ni,  at  full  bri^htuesBH  ranks  little  higbf'r  than  the  eleventh 
magnitude,  ami  dtJ^cendSj  once  in  sii  (lays,  nearly  to  tlie 
thirteenth.  It  is  thua  au  object  at  the  limit  of  detailed 
observation.  Incunierable  aystems  of  the  aame  kind  muat 
lie  beyond  that  limit.  The  twenty-first  atar  on  our  list — 
R^  Velonmi — suspected  aa  an  Algol  variable  by  Innes  in 
1901,  waa  veritied  and  ioveBligated  by  Roberta,*  Of  the 
remaining  six  objects  enuineraii*(l,  V  Sagitl:e  was  found  by 
M.  Schwab  of  Ilraenaii  to  vary  after  the  manner  of  U  Cephfii;* 
and  UZ  Cygni^  detected  by  Mr&  Fleming  in  1902,  i&  remark- 
able for  a  poriod  more  than  Ihrice  aa  long  as  that  of  S  Ci^nuri, 
(JW  Cygni,  RV  Lyne,  and  the  atill  nnimmed  star  in  Pei^ue 
have  been  recently  diaeovered  by  Mr.  Stanley  Williams. 

Algol  variables,  without  any  re<x>^ised  eiceptiou.  ahow 
(irst-type  spectra  Tliey  are  either  helium  or  Sirian  atara 
Thia  specialty  ia  uDaocountablep  ard  may  perhaps  vaniah  vnth 
the  widemng  of  experience;  for  many  close  binaries  exempt 
from  eclipaee  belong  to  the  eolar  class,  and  no  reason  is 
apparent  why  those  happening  to  revolve  in  planea  coincident 
with  the  vistui  ray  should  differ  in  i^ualiLy  of  light  from  tboee 
revolving  in  orhita  variously  inchned  to  it.     Nor  is  it   yet 


Jttr.  Ja^rn,  Iio.  44^.  '  Aslroph,  Jvurn,  rol>  liiL  ^  177. 

'  AatT,  Nnek.  Xo»l  3573,  3fifi7  ;  Parkhamt.  ^Hr.  JmtriL.  Na  476- 

*  Harvard  (^rfiUiin^  Nua.  U,  47. 

*  ^rff,  Joi*™,  No,  WS ;  Pnx.  Ho^at  Sotifi^  iif  EdMh^'njti.  iih  Now.  lOOl. 

■  Attr.  A'uA.  XuL  d74?,  376fi  ;  AOr.  J^nu  Xo.  £17, 
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quite  certain  that  the  eclipae-theory  accomtta  for  certain  miaoi 
pheaoraona  in  the  etare  to  whicli  it  applies.  Thus  soma  of 
their  Ught-curvea,  as  drawn  visually,  are  marked  by  peculiai- 
itiefi  incapable  of  beijLg  explaiutid  aa  the  oLitcame  of  purely 
dyoamical  relationa  They  may,  however,  tura  out  to  be 
illuflory  or  subjective ;  theii"  reality  is  not  incontrovertible, 
Agsdn,  the  exceptionally  low  minima  recorded  for  S  Caacri  and 
U  Ophiuchi  need  eoofirmaticn.  The  poaaibility  of  mistake  ie 
not  excluded  so  long  as  each  remfi.iits  un  ieolaled  event. 

Thret!  vaneties  of  etdipsing  Bui's  may  be  diHtiuguiahed. 
The  first  includes  bright  and  dark  pairs*  like  Algol  and  its 
compunion,  revolving  in  slightly  oblique  orbits.  One  partial 
occultatiou  takee  place  in  each  revolution.  The  intunate 
aaaocifttiou  which  they  present  of  bodies  at  opposite  eitremee 
of  luminosity  is  not  a  little  remaT-kable.  In  the  e^^cond 
variety,  exempliliud  by  U  Cephei,  a  brilliant  star  (^ircultttes 
round  (l  larger,  but  far  leea  luBtrcu6  globe.  One  prolonged 
totality  marks  the  orbital  period.  The  BOcondary  minima, 
theoretically  inevitable  in  Buch  cosoa,  have  not  been  certainly 
obeerved.  Yaniahing  BtarSf  could  Ihey  be  discovered,  would 
appropriately  illustrate  this  mode  of  construction  where  the 
la^utriAt  in  light-jmwer  bad  reached  it*^  limit.  Finally,  the 
third  species  of  occulting  syetems  consiats  of  stars  undergoing 
nearly  equ^U  double  eclipses,  the  period  of  revolution  compriaing 
two  periods  of  vaiiatioiL  V  Cygni  is  a  typical  example.  If 
the  loas  of  light  amount  to  one-balf,  or  eight-tenths  of  a 
magnitude,  and  the  alternate  miuima  l)e  of  the  some  Intaiifiiiy, 
the  eclipses  are  total ;  for  two  similar  stars,  one  is  temporarily 
substituted.  U',  owing  to  the  inclination  of  their  path,  they 
only  partially  conceal  one  another,  the  phases  will  be  shghtern 
yet  still  cqoaL  Thoir  disparity,  in  odd  and  even  Bories,  ehowa 
al  once  tbut  the  balance  of  luminoKity  is  tilted ;  and  indications 
are  not  wanting  tliat  its  level  is  disturbed  r-ather  by  in- 
equalitiea  of  intrinsio  lustre  than  of  ehining  area, 

The  time-keeping  of  eclipoe-stars  is  a  subject  demanding 
profound  and  persistent  study.  The  mmutest  irregularities 
traceablo  in  it  may  be  of  far-reaching  aijj;nihcance.'  On  what 
principle  they  shonld  be  explained,  is  still   largely  an  open 

*  flnoh   liiPfl   rerenilj  been  dattotad  bj  ChaniUtr  in  Algol,    ^/Er^  Jotini. 
KfM.  509,  Sll. 
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quQStioEL  PoB&ibly  eevenl  fomiB  of  action  conepire,  dv^n  in 
the  flame  system,  to  produce  the  aam-total  of  Lheir  deriadoiu. 
In  DO  cas^  h&a  t.lie  presence  of  »  tliird  l>ody  been  prov^  ;  in  no 
caAe  have  |>ertuib&lioii»  of  the  ordioary  ^lavitational  type  been 
fluopecbed  On  the  other  hand,  the  occulti&g  and  the  oocnlbed 
globee  must  be  deformed  through  rotation ;  hence  one  true 
cAOBe  for  the  observed  inequalitiea  falls  within  cur  ken; 
whether  it  ia  a  mjifient  cause  alone  Temams  doubtful 
E^eentinlly,  howi-^ver,  iuLMvase  of  knowledge  regariiiiig  these 
uiarvelkiUH  combinations  depends  upon  the  development  cfj 
epecUographic  methods.  Surely,  although  perhaps  in  slov; 
Bucces^on,  tbej  will  yield  the  t^ecreta  of  their  constmction  to  ftl 
mode  of  inquiry  that  coutinually  gains  power  and  aocmacy, 
and  is  capable  of  dealing  directly  with  the  most  TecondiCe 
spring  of  celestial  mechanica 


CHAPTER    XIX. 


SHORT-PBRIOII    YARIABLBS, 


The  limit  of  length  tor  "  short  pehodB"  of  stellar  vunation  ia 
oonventionnlly  tised  at  thirty  days;  but  it  is  aeldoiu  readied 
by  objects  of  tj^tical  eharacter.  Rapid  ^uctuatione  are  almost 
fLlwayg  accomplished  with  eitreme  e^cactitude  both  ss  to  time 
iiud  JLmount,  Tn  this  rule  there  are  very  few  exceptiona,  and 
a  reason  for  lb  ia  not  diSicult  to  find.  Variability  of  the 
kind  in  question  ia  prociae  because  it  origin&tee  extrinsically. 
It  might  be  oolled  a  "  forced  vibnttioc "  of  change.  Its 
coarse  ia,  in  some  way,  prescribed  by  the  revolutions  of  a 
eatellite.  No  more  curion*  apeclroecopic  disco^'ery  has  been 
made  thajj  that  of  the  hinary  ndtuns  of  short-pericxl  Tariuhlefl. 
By  it  a  breach  }iae  been  made  in  the  wall  of  myatery  buT' 
rounding  stellar  lij^bt-ebangc.  The  breach  has  not  yet  beon 
mounted,  not  ia  it  quite  practicable;  but  by  perflevoring  efforts 
it  can  V*e  gradually  widened  and  levelled. 

In  dettling  with  variiible  etajB  we  must  proceed  tentatively, 
Tlie  HubjHit  is  HO  utniiplei  tbat  no  iuteUigiblfc  view  of  it  can 
be  gained  all  at  once.  A  onifying  principle  is  still  lacking. 
We  can  only  take  things  as  they  present  themselves,  noting 
differences,  tracing  partial  analogies,  and  arranging  into  some 
fashion  of  order  a  mvdtitude  of  heter^eneous  examples.  Thus 
stars  fluetuatiag  in  abort  parioda  may  Iw  ssparated  into  three 
fmnilies.  The  firat  has  fi  Cephei,  tbe  second  f  Geniinorum 
for  its  head,  and  their  members  may  conveniently  be  desig- 
nated Oepheid  and  Ueminid  variables.  The  third  is  represented 
profusely,  but  almost  esclufiively,  in  globulEir  clusters.  To 
begin  with  the  Cepheids, 

They  are  numeroua  and  well  known.     Their  changes  ai*e 
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GontinuDua  and  of  moderatre  Etmplitude,  but  proceed  luisyia- 
metrically  as  legards  timo.  The  rise  to  maximum  occupiea 
on  an  average  about  a  third  of  the  period,  or  half  the  time 
ttlli^wed  for  the  decline  frum  it*  to  minimmu.  This  retard&tioo. 
IB  aocompanied  hj  an  inherent  lendencj  to  a  second  maximmn, 
aometimes  barely  indicated  aa  n.  pauae  in  descent,  hut  in  aeTeral 
caeoB  giving  rise  to  a  pronounced  "  hump  "  on  the  downward 
slope  of  the  light-curve.  The  variations  of  £  Cephei  range 
from  3-7  tc»  4-9  magnitude  in  5^  S""  47"^  39".  of  whieh  1*  14* 
36"  suffice  for  tha  phases  of  iucrease.  The  apectruiu  ia  of 
the  aoUr  tjpe.  and  does  not  change  with  the  hrightneeo. 
OeciUatory  movements,  however,  of  its  conatituent  liaea, 
detected  by  Klopolaky  in  1894/  betray  the  presenoe  of  an 
obscure  companion  revolving  in  the  light-period.  The  ellipee 
described  is  so  euceuDric  that  the  companion- bodies  when  ftl 
a|»astro[i  ai^  three  times  furtiker  apart^  Lhan  ai  dieir  neaj^bt 
approach  ;  and  its  major  axis  deviates  only  hy  two  degrees  &om 
a  vertical  plane  pacing  through  the  earth.  There  id  nothing 
indeed  to  show  that  it  uiay  not  be  highly  inclined  to  the 
correBponding  horizontal  plane.  The  orbital  lovel  is  undeter- 
mined, being  evidently  such  as  to  exclude  eclipsea  This  wae 
(inexpecled,  b;it  it  is  t^rtaia.  The  criteriun  ia  simple.  Kadial 
velocity  should  vanish  at  minima  if  a  transiting  globe  were 
concerned  in  tbeir  production;  in  point  of  fact,  the  epochs  of 
leaat  brightness  precede  the  epochs  of  conjunction  by  a  full 
day.  The  system  of  t  Cephei  is  not  then  an  ecbpsmg  systeoL 
The  Btar'fl  variability  must  be  otherwise  accounted  for,  Not 
would  it  bs  easy,  without  ahufling  the  licem;e  of  hyjKibbesis,  to 
expound  it  aa  the  result  of  occultatione.  The  inducement  to 
imdce  the  attempt  is,  at  any  rate,  removed  by  the  ascertaitt- 
ment  of  their  nou-ocourrencc.  Nevertheless,  the  coincidence 
cf  periods  assures  us  that  orbital  revolution,  in  one  mode 
or  another,  prest^ribea  the  flow  ol'  clmnge.  But  the  ideas 
80  far  entertained  on  the  subject  scarcely  hear  examjnatioi 
Obvioiisly  untenable,  for  instance,  ia  Mr.  Roberts's  view  that 
the  companion  of  £  Cephei  is  raised*  by  the  heat  received  at 
periaatron,  from  seneibto  ohscurity  to  a  nearly  equal  grade  of 
lustre  with  ita  primary ^^     If  thie  were  bo  a  double  apectnun 

'  Jilr  A'/ith.  No&  ^'267.  Z^l»  ;    Buti.  d^  t'Acnd,  SL  P^Urtbom^,  1S94,   p, 
30a  1  Asifoph.  Jaum.  toI-  i  pp.  IBO.  aSS,  =  A^/rofh.  Jottnt.  nL  iL  p,  SSa 
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ohould  be  obsorved  at  quadra burue.  Again,  tha  maximum 
ehould,  on  the  hypothcais,  fall  Bhort  of  twio43  the  aiinlniimi 
brightuesa  ;  acLuallyT  it  exc^tJds  it  tUree  times,  Mr.  Roberta 
hinLseir  adverts  to  these  objectioas,  but  holds  them  cot  io- 
auperable.  Mr.  Eddit^'s  BUgg6Htion '  of  luminoos  incrtiHae 
through  intensi^ed  tidal  acticn  at  pemstml  approach,  ia  more 
plauaiblc.  Bodilj  BtraiiL  due  to  mutual  gnLvitAtion  vould,  in 
BO  eccen^c  an  orbit,  gain  twenty-Beven-fold  efScatiy  ae  ihe 
hodieei  moving  iu  it  eome  together  from  its  farthest  point ;  and 
the  processes  of  internal  circa lation  might  jmsHibly  besuffideDtlj' 
quickened  by  the  difiturbaaoe  to  yield  a  largely  augmented 
output  of  light.  But  conimotioii3  of  the  requiaite  violence 
could  not  aubaide  with  perfect  regularity  every  five  daya,  and 
they  should  inevitably  be  Aceompanied  by  gaaeoue  outburate 
apectroscopicjilly  evident.  That  they  do  not  occur  may  be 
securely  inferred  Eroin  the  one  cireu luatant^  th/it  no  liHce  of 
eoiifflive  symptoms  is  met  with  in  the  light  of  this  aLju.  Aa 
to  the  scale  of  ita  system  we  are^  moreover,  completely  igaorant. 
aad  are  henoo  unable  to  estimate  the  absolute  power  over  ita 
membera  of  tidsl  inBuenees,  The  line-diBplacementa  of  the 
bright  star  acj^uaiot  ns  merely  with  its  rate  of  motion  an  pro- 
j(^ted  iipoo  the  visuu,!  plnne ;  ihey  eorre^poud  to  a  mem  orLibal 
radius  of  620,000  miles,  tbe  real  path  being  perhaps  aiz  or 
eight  times  wider  than  that  fipectroscopically  indicated,  while 
the  oompanion-ellipee  trarereed  by  the  dark  satellite  may  be 
of  any  imaginable  sb^.  A  sapphire  -  blue  stux  of  the  sixth 
mAgoitude  forma  with  B  Cepbei,  whlt^h  hae  a  golden  sheen,  a 
combinFition  resembliitg  that  80  beautifully  exhibited  in  fi 
Cygni- 

The  variatione  of  t^  Aquilic  are,  in  every  rcspoct,  analogoua 
to  those  of  8  Cephei^  Tbey  havo  the  eame  lunge  of  V2 
magoitudes,  and  a  eomewliat  longer  period  of  7^  4^  ll"",  which 
they  divide,  in  about  the  name  proportions,  between  a  rapid 
tncrefue  and  a  leisurely  decay  of  brigbtoes^  The  abortive 
Hecondfliy  maxiinum  of  6  Oephei,  however,  develops  in 
ij  Aquila;  into  a  pronounced  recovery  of  luatrc.  The  light- 
cur^e  shown  in  Fi^.  22,  from  Dr.  Schur's  delineation,  rendors 
th«  duplex  phaae  conspicuoue.  The  binary  character  of  the 
star  was  detected  by  B^lopolaky  in   1895/  and  he  computed 

>  Ail¥0yS.  Jonm,  t«L  iii,  p.  2^7.  *  Ibui.  toL  i.  p.  IttO. 
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its  orbit  from  improvi^  spectrc^rapbic  data  in  1397.'  U 
proved  to  be  of  nu&rlj  the  same  apparent  sue  &3  that  of 
^  Gephei^  and  th^  couditJoiiH  of  revoliitioD  were,  in  this  caae 
Bg&in,  mociifeatly  incouHietent  with  the  occurrcriL^  of  eciip8e& 
An  intcnal  of  two  days  wm  found  to  aepamle  eocb  minimnin 
Irom  iJio  enBuin^  coojunctioc  of  the  Lrighir  and  djirk  sphereL 
Tb&ir  iMJUjunetions,  accardintlly.  ar©  not  traopita,  eiuce  they  are 
nna^KJOfnpanied  hj  amy  diroiDuCian  of  light-  "  Very  rem^k- 
ably,"  B^lopohky  wrtt^  "  the  same  state  of  things  is  presroifr 


Fro.  Xl.—Ui.^t'CarrT  nl  i\  AiiallB  l3ChUr\ 


in  the  vut'iAhk  star  £  Ce^tbeL  Henoe  in^mti  other  caoee  must 
be  sought  by  which  the  variatiocs  in  lustre  and  the  spectral 
di^laocmoDlB  of  thcae  two  etars  mtij  be  hrouj^ht  into 
harmony." 

Mv.  W,  H-  Wright  of  the  TJck  Obeervatory  renewed  in 
1899h"  imd  aubsr.antiatly  confirmed  tlie  PuHcowa  inveatigatioaa 
His  orbJL,  however,  cama  out  couiiiderably  more  eeaenuric  than 
that  computed  by  hin  predece&aor,  and  he  I^ffted  ita  major 
axis  somewhat  ditileTeiitly.  But  ou  the  csaential  point  for  tbe 
theory  of  the  star's  variability — tbe  imposaibiUty  of  eclipses — 
they  a^i;reed.      Fig,  23    reproduce©   Mr,  Wright's  drawing  of 

*  Jtlnph.  Jofint.  toll  Ti.  p,  9flB  j  Svff.  ''e  I'jlarii,  4*  JSt,  Pfftrabmirf,  I.  vn. 
Vio.  i.  IBUO.  '  ^stropA.  Jvitm.  tflL  it-  p.  5^. 
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the  ellipse  described  hj  t?  A<|iiila:  rcuud  its  mviaible  t^cim- 
paaion,  auppo^ed  ianuovuble  a!>  the  focns  (0).  ItR  8ilii:ilnoD 
at  minimum  epochs  (marked  Min.  in  the  figure)  obviouelj 
oorrcfipODde  to  nearly  the  highest  nite  of  speed  in  the  line  of 
aight,  and  to  a  compamtively  wide  visual  eepmitioti  of  the 
coupled  bodies.  The  periastron  is  at  I' ;  the  pointa  where  the 
secondnry  phaaes  tnke  place  are  indicated  reapactively  an 
Min.^  and  Max..^.     They  are  nnaccomparied   hy  irregularities 


«^-, 


mtf. 


MTa 


fta.  3a.-^Etia  of  It  Ai|ijikR  {irjj£bt>. 


lacvemeat.  In  fact,  neither  in  this  object  nor  in  the 
analogous  one  deeoratinjf  the  crown  of  Cepheue  is  there  any 
Usceable  connection,  except  their  si^ificaot  a^^reement  in 
period,  between  ihe  flow  of  spectroscGpic  velocity  nnd  the 
rise  and  fall  of  brightness.  The  spectra  of  these  two  variableB 
are  tioite  similar,  only  the  linea  of  tj  Aquila;  arc  more 
diffiiBe.  Both,  too,  nro  approaching  the  sun  at  uniform  riitea 
of  about  fourl^n  and  nine  mile  a  a  eecoml  respectively. 
Finally,  both  are  svibjeet  to  some  slight  disturbances  in  time.^ 
Those  of  1}  AiiLjilje,  discussed  by  Br.  l^ot^kyer,"  Ijave  an 
amplitude  of  tive  hoLirs,  and  ore  self-compenfaatcry  in  a  cycle 
of  400  lighl  perioda. 

*  CbfLuiUfF,  Third  Cutclo^mt  ^o-  BQ73  and  nol9. 
'  Jtmrn.  Brit,  AmTj.  Attac  Tol.  tJI,  jk  471, 
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Tha  geaerBliflation  ia  b  tolerably  8af6  one  Ihat  aU  Cepbeid 
■taiB  axe  biaari^ ;  but  its  eatabliahment  must  be  a  work  of 
litTU^.  TboK  of  tbe  shorteat  pericnls  &re  tbe  muaL  prDinifiiig 
for  porposefi  of  apectrograplut;  inquiry,  aiuoe  they  am  likely 
to  tra  ui  swift  ciitoJAtion,  and  heaa3  to  ebow  conspicuous  tice- 
displacementa  Negative  results,  however,  aa  already  aaid, 
may  aimpJy  Imply  an  unfavoarable  situatioo  of  the  orbitfl ; 
they  do  not  neeeflsarily  indicate  the  solitary  condition  of  the 
atare.  A.  few  exaEnpleti  of  Ceph^id  variables  are  giveo  twtlov 
in  tbe  order  of  Incrftaaing  length  of  period.  Some  brief  de- 
Bcription  of  the  peculiarities  of  each  Follows 


Huh. 

nfftDd> 

J.    h.    Bi. 

BUnsce       ,            .            .             .            . 

0  0  Co  7'4  E&ac. 

0  21  10 

R  Triuunili  AoslnUa 
8T  OwnT       - 

fl'fl  y.  80    ., 

3    930 

ea  ,,  ?i   „ 

3  20  10 

T  VuIpMuluD 

E'B  „  9-5     „ 

4  10  3« 

VSt^tum, 

£-8  ,.  fl'fl     ., 

£1933 

U  SLj^ttUll  . 

7-0  ,,  83     ,. 

6  17« 

X  Siheittuii , 

i^  ..  fl^     .. 

7  au 

W3»«ltUrii, 

4'S  ,,  5-8     ,. 

7UM 

aSAgitbB     . 

ffl   „a'4      n 

6    9    7 

XCvgni 

W  VlrginU   . 

fiH  m7'7    .. 

16  »ie; 

_ 

*7  .,  10'4  „ 

17    6  so 

T  UanDCflrotbi 

■ 

»■«  1,  fl-a  .. 

a?  Ola 

H  ilasc^i^,  being  circumpoliir  at  the  Cape,  can  be  observed 
to  advantage  only  in  southern  Intitudes.  Once  in  tweuty-one 
hours  it  doubles  its  light,  and  ao  emerges  Into  naJte-d-eye 
vifiibilityn  then  Binka  back  again  out  of  eight.  The  riw 
occupies  just  eeven  hours,  or  ouo-third  of  the  period — the 
QormoL  proportion  for  starB  of  this  cLaas.  Eridooce  of  rapid 
circulatory  motion  is  pretty  sure  to  be  elicited  by  spectro- 
graptiic  meaoa 

Tht}  phast^  of  B  Triaiiguli  Australia  were  noticed  by 
Gould  in  1871,  and  have  of  late  cngoged  the  attention  of 
Koberts.  They  ahow  the  peculiarity,  surprising  iu  a  Cepheid 
etar,  of  being  uncertaiiL  in  extent.  The  full  meaeuro  of 
change  is  from  6-6  to  SO  magoitude,  but  at  certain  manma 
it  mountn  no  bigher  tbuu  6'S  ;  at  certain  nLiuima  it  descends 
no  lower  than  7'5    magnitude*     It  would  be  of  interest   to 
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leam  whether  these  oppoaitelj  incomplete  phasea  occur  to- 
gether or  diBconnectedlj,  No  methodical  account  of  them 
hoB,  we  believe,  been  published,  Tbe  increase  of  brightness 
in  R  Triaoguli  occupies  little  more  than  one  quarter  of  tbe 
period- 

The  light-curve  of  ST  Cy^iii  i*  "  huiupftd  "  like  that  of 
t  Oephei.  About  fortj^-aiz  hour^  after  maximum  the  decline 
la  atayed,  then,  a  brief  pause  ended,  resumes  its  course.  Tbe 
interrai  from  loiiiimimi  to  maximum  ia  21^  hours,  that  from 
maximum  to  minimum  seventy/  The  v^triability  of  this 
star'  was  detected  at  Potsdam  in  1399  by  G,  MUllpr  and  P, 
Kempf. 

llie  BpectTum  of  T  Yulpeooke  U  eimilar  to  that  of  S 
Cephei.*  Ite  ohaugesj  diacovered  by  Sawyer  in  1S85»  coneiBt; 
in  a  rise  of  one  mt^itude  in  I*'  7^,  followed  by  subeidence 
in  4^  3^.  The  comparative  brightneaa  of  the  atar  brings  its 
movemeatfl  well  witbin  range  of  apHctroscopic  investigation. 

The  four  stars  in  Sagittarius,  wbich  tiome  next  on  our 
li6t>  form  a  singiilar  group,  diacovered  by  Schmidt  in  18S6/ 
They  are  included  in  a  apace  of  about  ninety  aquare  degrees, 
aJid  all  vary  after  the  faahion  of  5  C'ephei  in  periods  com- 
prised between  5'd  and  7'6  daye.  Among  them  X  Sagittarii, 
which  attains  once  a  week  fourth -magnitude  rank,  tut  Lhe  most 
tonapicuouR.  Its  spectrum  is  of  the  solar  type.  One  of  ite 
aeeociatea,  U  Sagittarii,  distinguished  by  a  strong  orange  tint, 
ifi  tbe  centre  of  a  little  clustar.  Iib  fluctuationa.  upward  m 
2j,  downward  in  4^  days,  proceed  vntb  the  re^larity  of 
clock  wor  k- 

S  SagittJB  flhowB  ibe  retarded  decrease  and  inil^^ted  curve 
distinctive  of  ita  clnea^  Yendell  roiiaiderod  the  maximum  to 
be  double  (see  Pig.  24)^  The  change  at  minimum  is  un- 
usually slow.  lo  quality  of  light  the  star  wae  found  by  Sir 
Konnaa  Lockyer  to  be  an  exact  match  for  £  Cephei. 

'  AUr,  A'OfA,  No,  3«83 ;  LiiiiPt,  ibid.    No.  3570 :  FUnnij,  Kivtn^kd^^  voL 
xnlii  p.  1S4  ;  Hitvard  OitvitlaTf  No.  41. 

*  8ometOTi«  dtfiignatfid  SU  Cygnj. 

■  Laekjoi;  JVot  Jii^  Sockiy,  fdL  Hj(,  p.  101. 

'  Il«  fDurtb  uiciuboT,  Y  Sofjittoni,  nu  4dd«d  by  8ftivy«r  in  IBBO.  At^»  /ounb 
No-  3Za ;  Yeudoll,  Pop.  Asti.  vol.  Li.  p.  aO-L 

*  CluadW.  JHr.  Jovm.J/acii.  No.  ^Tlfi ;  Ytiidell.  jfUr.  Jmfa.  tita.  1A7, 
SSI :  A^  Attr.  VfA.  it.  }>,  207- 
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^^^^^V          X  Cygni  waa  discovered  by  Cbandler  in  1886-      It  rises 
^^H           without  foil  la  6*^  19''  to  6'4  m^Ditude,  bat  ebowa  an  ijkjimi- 
^^^1           ita&t  lulmmum  brighLneBSr  eometimed  deeceoding  to  7*7t  ftt 
^^^H           otbtirs    stopping    short    at    7'^    tnagoinida      The    period   of      J 
^^^1             16*^  9^*^   tH  not  known  to  vhtj-     The  star  ie  ignite   oalourttiB;      1 
^^^1            mronrtation    as   to    the    character   of   its   spectnun    b   not  At        ' 
^^H           present  forthcoming.                                                                               . 
^^^1                  W  Virginia  is  uncorum  both  fit  maximum  luid  Piioimtfn^, 
^^H           Its  higbdet  rise   la  to  8  7,  its  lowest  descent  to  104  magni- 
^^^1           tnde.     But  theee  limits  are  far  from  boing  always  reached ; 
^^^H           phaaee  defkieut   by  i^uite   half  «  magnitude  eithier  wuy  ai? 
^^^B           often  obaerved,  and  ^seem  to  iut^neue  cusiinlly.     The  period, 
^^^^^^    on   the  other    hand,  of    17^    6^^  is   strictly  conionoed    Uh 
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^^H           The  time   ol  mcre&se,   3*^    b^,  is  proportionately   long   for  a 
^^^B           Cophcid  variable. 

^^^1                  That  of  T  MoDocerotis  is,  on  the  contrary,  relatively  short,       1 
^^^H           dtbou^h  the  t-uLii'^  cyele  of  twenty-etiveu  days  in  the  most 
^^^1            proLrActed  yet   uscertaiiied  for  s.   atar   of  its  chss.      And   hi^ne 
^^^1           again  the  Fiinplitnde  of  change  ia  inconstant.     Maxima  occur 
^^H           ao  high  ae  5'ij,  as  low  as  6'4  tnuguitude,  wbile  the  minimum 
^^H           brightuesfi  I'anges  between    7-4   and   8'3   magnitude.     There 
^^^1           are  then  spring  and  neap  tides  of  stellar  fluctuation ;  yet  no 
^^^M            due  can  be  foiuid  to  the  i^ausH   of  lUeir   di^vrene^.      The   four 
^^^1           Cephei<J  variJibles  in  which  they  appear — namely^  R  Trianguli.        1 
^^H            X  Cygni.  W  Vii-ginia.  and   T    Mouocerotis — have   no  other 
^^^1           features  viHibly  in  conimotL     Perbapa  the  speetrosoope  may 
^^^1           reToal    unlooked-for    omilogies    connecting     their    physical        ! 
^^H           qtmlities  or   their   systematic  relations ;    but   its  dicta    have 
^^^B           still  to  Iw  pronounced. 
^^^^                 About  three  dozen  stars  had  been  registered  at  the  clow        ' 
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of  last  centuij  ae  vanable  on  the  model  of  fi  Cepbei.  Most 
generalisiitiojis  regarding'  them  are  liable  to  lose  vali^lity  by 
hiture  experience ;  but  there  are  two  juvjpertiea  in  the  abeeuce 
of  which  they  should  be  otherwise  claflsified.  Id  aU,  li^ht- 
change  progresses  unceasltLgly ;  in  all.  it  advances  more 
rapidly  in  the  direction  of  inureoae  thnn  of  decrease.  An 
mclination,  more  or  lew  accentuated,  to  pause  in  descent  ia 
piobftbly  connected  with  this  kind  of  diaeymmetiy-  Among 
their  other  distinctive  qualities  the  following  may  be  pro- 
viaiooally  enumerated  : — ( 1 )  Their  Bpectra  are  of  the  solar  typo. 

(2)  They  are  binariefl  revolving  in  the  periods  of  variation. 

(3)  They  are  not  eclipsing  paire  :  their  orbits  may  [iq  inclined 
at  any  angles  to  the  visual  plane.  (4)  Their  fluctuatioiia  in 
Lustre  arc  uiioccompanicd  by  spectral  change,  (5)  Being 
nearly  devoid  of  proper  motionj  they  are  prestunably  at  vast 
disCancea  tVom  the  eaitb.     They  are  then  giant  euua, 

Fature  research  will  decide  whether  Cepheid  stars  are 
marked  off  froru  ordinary  spectroficopi;:  biiiariea  Ijy  any 
pectdiaritiea  in  their  manner  of  circulation.  Are  their  orbitSn 
tor  inatanco,  in  all  caaea  highly  eccentric  ?  1b  there  a  fixed 
relation  between  the  situatioti  of  the  pcriaatron  and  the  point 
af  loweet  hrigbtuees?  Do  the  major  asoe  revolve?  Above 
all,  what  differentiates  short-period  variables  from  levolving 
pairs  eonstant  in  light  ^  Why  do  B  Cephei  and  *j  Aquihe  show 
au  incessantly  changing  lustre,  while  Polaris  and  0  Ursfe 
ahine  ateodily  ?  The  four  appear  to  be  of  analogous  consti^ 
tutiou,  and  to  aufier  no  diminution  by  oelipsG  What  form  of 
iaflnenee,  then,  ie  it  which  acts  so  strikingly  npon  thu  two 
former  objects,  while  leaving  the  two  latter  imatFeeted?  Ua- 
doubtedly  the  clcae  attendance  of  a  satellite  ia  insti'iimeutal 
to  the  production  of  the  observed  changes  of  luminosity:  but 
other  couditione  also  come  into  play — ceuditiona  that  are 
absent  in  Folaris,  in  3  Auriga,  in  a  Viiginis.  in  6  Urste,  in 
9  Draconia  What  h  their  nature  ?  Here  ia  the  loaiD  issue 
as  regards  short-period  variability. 
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The  second  femily  of  short-period  varLiblea  reaftmble  tbc  fiist 
in  tlie  coiiLJiiuoiis  iiiiture  of  their  fluGLuation?L  They  are 
distinguinhed  from  them  by  the  aymmetrica]  apportionmenl 
in  time  of  those  Hucttiaticuo,  The  intcrvub  trora  minimmu  to 
maximum.,  and  from  maximum  to  minimum,  are  almoet 
exactly  e<juaL  Not  very  maay  such  atars  are  knowix  First 
singled  out  as  mrrties  by  Dr_  Chandler  in  1896/  they  have 
for  tlieii  exeiaplar  f  Geminonim. 

The  variations  of  thiP  star,  discovered  by  Schmidt  in 
L847*  carry  it  from  4-6  to  3'7  magnitude  iu  Jive  days  and 
twenty-two  minutes^  and  back  a^in  to  its  former  level  in  a 
space  of  time  juat  three  liours  loDger.  The  difference  may 
be  called  noglij^ble.  Fig.  25,  A,  shows  Ibe  representative  light- 
curve.  Itfl  midulationa  at  prc^itb  auccead  each  other  without 
iHinsible  alterHibion  ^  hot  observers  of  an  earlier  gtueration  re- 
gurdsd  them  ae  Bubjeot  to  di^turbnuce.  Their  period,  accord- 
ing to  Argekuder,  was  t«D  mumtea  longer  iu  1869  tbau  it 
had  been  in  1847  ;^  and  Schmidt  pronounced  the  flucEuationa 
in  brightness  to  be  nearly  suppressed  in  1833,  and  in^egular; 
in  1881.^  Freah  interest  wiw  imparted  to  the  history  of  tho 
elar  by  Bfilopolaky'a  detection,  early  in  1898,  of  its  composita 
nature;^  and  the  discover)". whii:h  hod  not  beou  published,  waa 
repeated  a  year  later  by  Campliell  at  Lick,  He  remArked. 
besides  unaceounnable  deviations  from  the  even  pace 
elliptical  progicdsion,  eabablii^hei]  ha  genuine  by  i^ritieal  teat^ 
observatiouB.      Their  nature  will  be  seen  at  a  glance  by  a 


'  Jdr.  Jiturn.  No.  374- 

*  Jflr.  ^aJi.  N«.  \rU,  S420. 
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reference  t-o  Fig.  25  ;  the  lower  curve  in  which  (B)  represents 
the  radial  velooities  of  f  Geminomm.  The  unit  of  time  ia 
one  day,  the  unit  of  speed  five  kilometers  per  eocond.  A 
compariHon  with  the  uppi.*r  curve  (A)ahowB  that  the  period  ot' 
motion  agrees  with  the  period  of  light,  but  that  its  rate  varies 
oppositely  to  the  brightneea — tbat  ia  to  say,  tlie  star  is  moving 
rapidly  in  tlit?  lirt^  of  night  ju^^t  when  iba  minima  t^e  place^ 
They  are.  accordingly,  not  due  to  eclipeefl,  which  should  coin- 
cide absolutely,  or  veiy  approximately  with  zero  radijtl  volocity. 
The  relations  of  the  pair  are  made  still  clearer  by  Prcfeaaoi- 
Campbell'a  drawing  of  the  oi-bit  deduced  from  the  velocity- 
curve  (aee  Pig,  26).      It  represents  that  of  the  bright  com- 


rio.  ».— CdrrraroprenntlivUit  VulAllDDfl(A)  In  [JrIil,  tS)  tn  H»3lia 
Velocity  ot^CniAaoiatv  iCAiii}ili6ll). 


ponent  round  the  eenlro  of  gravity,  while  the  eimilai-ly  shaped 
path  followed  by  the  dark  star  must  be  larger  or  smaller  in 
the  inverse  ratio  of  its  mfisa.  The  ellipse  depict^  in  Fig, 
20  has  ftn  eccentricity  (if  0'22  ■  PA  ie  the  line  of  apsides, 
OE  the  line  of  sight.  Minima  occur  1^  7^  after  periafltron 
at  the  point  Min. ;  and  since  the  companion  ia  thea  situated 
Bomewhero  in  the  direction  Om,  its  interposition  is  cvideiitl}' 
out  of  the  question.  Recurring  now  to  Fig.  25,  B,  we  perceive 
that;  the  heavy  black  line  connecting  the  points  determined. 
hy  actual  meapitrement,  puraues  an  undulating  course.  In 
Professor  Campbeira  words,  "  The  obaerved  velocity -curve  is 
alternately  above  and  below  the  elliptic  curve,  ajid  the  inter- 
eectioDB  of  the  two  occur  at  approximately  equal  intervals 
of  time.  There  are  si^  of  these  Inter  sections,  corresponding 
to  three  complete  periods  or  cycles  in  one  period  of  the  light- 
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curve."  Tbe  oscillatioiie  showed  do  sigae  of  iatenmaaion 
during  fifteeu  moutlia,  and  fiasuredly  indicate  an  iubervQt 
peoulmrity  of  th»3  syatein.  They  might  be  formally  expUin»^ 
by  assuming  it  t€  be  triple,  the  bright  atat  revolving  in 
S"*  9^^  rntmd  one  inyisible  abtractiye  maas.  And  the  tvo 
together  in  10"^  3^*^  round  another  uiore  disiant.  But  ihe 
arrangement,  aa  IVofessor  Campbell  points  out/  could  scarcely 
be  stable,  owing  to  the  commeasurability  of  periods^  and  the 
couaeqnent  aubveraive  pilingj-up  of  diflturbances.     Nor  is  it 
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eaay  to  accept  the  idea  that  the  digrcssionB  of  t  Gemiuortim 
irom  a  mean  rate  of  travel  ai-e  "  minor  tidal  effectfi." 
Prolonged  and.  diTcrsifit^d  researches  are,  in  foot,  needed  before 
any  promifflng  theory  of  th^m  cnn  be  formed 

The  star  is  of  a  golden  yellow  colour.  Its  apecirum  is  &; 
replica  of  that  of  S  Ctrphei.  An  iiuiiiial  proper  motion  is 
attributed  to  it  of  O'OlfiS",  but,  the  va-lue  is  too  wuflU  to  ba 
altogether  reliable.  The  remoteness  of  this  pToblematic  systein 
IB  honco  unimaginably  great. 

The  following'  bri^f  list  of  Geminid  variables,  with  aocod 
ensuing  comments,  will  aei-ve  to  widen  the  reader's  aeqnaintanctti 
with  the  charocteristioe  of  the  species. 
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NAoW 

LinuU  of  OliAfun^ 

F^rloil- 

d.    k-    D. 

E>  Cenauri 

7'4  lo    7'a  nu^. 

0     7   10 

a  Antliffi 

O'T  „    7-3    ., 

0     7  47 

UPflgwi 

9->  ,,    8-9    ,. 

0     0    0 

S4  w  CenUDri 

13-4  „  14-0    ., 

0  1]     S 

^'1   n     ^-S     n 

0  17  S7 

a-f .,   7'«   „ 

S     C     4 

d  SflqientJ" 

&-9  M    B?     ,> 

a  17  17 

flLyriE 

3-4  „    4'fl     „ 

12  21  47 

The  variability  of  R'  Ceiitaiiri,  diHcovered  by  Mr.  A_  W. 
Roberta  in  1896/  ia  alight  but  HUre,  and  proceeds  by  evenly 
measured  atcps  of  increase  and  decreaae.  The  period  ia  the 
shorteet  iound  for  any  star  outside  the  precincts  of  a  cluster- 
WJtb  its  oonipaniou,  should  it  prove  to  bo  spectroscopically 
double,  E"  Centauri  must  form  an  e^c^diagly  close,  or  an 
euoriDoiwly  mafisive  pair. 

9  Antlite  brjrt!  for  eight  years  the  reputation  of  being  an 
Algol  variable,''  The  shortneas  of  tbt  period  and  the  tlatncsa 
of  the  curve,  conveying  the  impression  of  a  stationary 
rofiximum,  produced  a  deception  removed  in  1896  by  the 
Harvard  photometric  results.  They  showed  the  light-change 
to  advajico  ccjutinuounly  along  a  smoot-h  curve,  uiibitiken 
by  the  sudden  drop  indicative  of  an  eclipse.  It  is,  bow- 
ever,  marked  by  the  "  iiitereatiag  feature "  (in  Frofeflsor 
Pickering's  worda")  'Hhat  the  time  of  increase  occupioe  0"62 
of  the  entire  time  of  varintiou."  Here  then  is  an  ostensible 
caae  of  dissyriimetry  opposite  to  the  usual  kind.  But  the 
relation  was  stated  by  Mr.  Sperra  of  Randolph,  Ohio,  to  Ijo 
inconstant,  aud  he  deduced  from  his  obseivatious  an  average 
equality  of  the  intervala  botweeu  opposite  phases,*  This  is 
perhaps  the  essential  faoL  S  Antiito  is  a  white  star  with  a 
traiifiition-spectrnm'^  resembling  that  of  ?roeyon.  The  lines 
are  never  aeeu  double,  so  that  two  bright  components  cannot 
be  prBBenb  uuleea  they  revolve  in  a  pUne  nearly  at  right 
angles    to    the    visunl    ray.     But    line-disphicements  due   to 

'  Attr.  Jintm,  Noa.  S78,  »81  ;  Jitrvj'M.  Ji/ntn.  vol  i-  r>.  S12 ;  iVfifun,  rol. 
Iiiv,  p.  46e-  *  A^r.  Jaitri.  Vi>h-  i\.  pjK  \^ft,  183,  100^  it.  p.  11. 

■  Aetruph.  Joam.  vai.  i*.  ]:  141.  *  AtSr.  Jannt,  No,  413. 

*  Fidketlu^.  Asir.  j\'ack.  iia.  3000. 
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motion  roaiK!  an  f^hecnre  body,  may  possibly  be  detected  by 
the  upplicatioD  to  Lhia  curioua  object  of  a  alit-spectrosoope. 

A  FoniUl  Btar  in  Pegasus  was  noticed  by  Dr.  Chaadler  in 
1894  aa  apparently  subject  to  eclipses;  but  its  waxings  mnd 
wanJDgs  proved,  on  foller  Laquiry,  to  be  without  pause,  A 
conlroverey  as  to  their  oature^  waa  practically  terminated  by 
Mr.  Weiidel]'»  measures  with  the  polarising  photometer  &t 
Harvard  College  in  December  1897.'  Their  upshot  ifl 
graphicaiiy  exhibilM  in  Fig,  27.  Each  of  the  cloaely  set 
dots  through  which  the  curve  was  drawn  repreeeuted 
eighty  setting   made   on   eight  nighte,  none  being   rejected 

Ml*. 


for  diflcordanca  The  crosses,  each  of  which  gives  the  average 
of  fflxteen  Bettings,  embody  single  nighta'  results.  The 
diviaious  in  time  (abeciosae^  represent  intervaJa  of  thirty 
minutes;  the  divieiouB  in  brightness  (ordinates),  tentbe  of  % 
magnitude.  The  compkte  period  of  the  star  is  nine  houis 
less  nine  seconda,  but  it  is  nearly  cut  in  two  by  a  secoudary 
decline  falling  short  of  full  niiuimum  by  only  0.15  of  a 
magnitude.  The  reality  of  this  bribing  diflerence,  contested 
by  Chandler,  appears  to  be  eubatoutiated  by  the  Harvard  data, 
and  stamps  U  Pegasi  m  of  the  kiadi-cd  of  ^  Lyrte,  the  premier 
ehort-period  variable.  A  mathematical  discussion  of  the  eon- 
ditious  of  V  Pegaai,  based  upoc  the  adipBe-lbeory,  waa  published 
in  1898  by  Mr,  G,  W.  Mjtrs  of  the  Yerkes  ObHervatoiy"  U 
is  valuable  as  an  aulhoritalive  proposal  of  the  tonuB  demanded 

»  CbmdlBr,  jintr.  Jottrn.  Nob.  566.  3/4,  42fl. 

=  ZZarpnrrf  CtrcWar,  Km.  £3,  fl£-  *  Attrvph.  Joum.  vol,  viii.  i>.  IflS, 
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by  thai  theory  iiuder  tike  given  ciraumatanceB.  They  arc  uot 
wholly  unacceptable.  They  involve,  ni  leaat,  no  contradiction 
of  any  known  law  of  nature ;  yet  Lhey  are  ditficuU  to  imagine 
realised  T}ie  system  must  olviouhly  be  composed,  if  its 
liiraiuoua  varifttions  be  geometrically  explicable,  of  two  bright 
bodies  revolviiig  almost  in  contact,  l□dccd^  they  are  probably 
tnore  than  in  contact,  if  the  assumed  data  are  correct ;  thoy 
inlerpenetrate  and  together  form  an '"apioid,"  which,  according 
to  Poincar^,  is  a  figurfi  of  i^uilibrmm  for  rotating  massea 
One  of  tbt  ctmjoiiied  ^lubea  proved,  moi-eover,  to  have  s.  mdiua 
about  four-ttftha  that  of  its  primary,  and  to  bo  lese  inbrlnBic&lly 
brilliant  in  aensibly  the  same  proportion.  Their  revolutions 
in  i\  period  of  nine  hours  aETord  eclipses,  s.lteniutely  total  and 
partial,  at  inifirvaU  of  four  and  a  half  hours,  the  orbit  being 
Titweil  by  lis  edgewise.  Now  HUi.'h  an  arrangement  as  that 
indicated  Far  U  Pegaai  might  coaceivahly  prevail  in  an  em- 
bryouio  binary  system.  It  would,  in  tact,  accord  well  with 
Dt,  Seo's  viewH  aa  to  the  evolution  of  double  stars:  but 
evidenco  of  its  actual  existence  is  still  a  desideratum.  Until 
afliJmed  by  th»»  spectroaeope,  ic  must  be  treated  as  only  a 
speculative  possibility;  and  the  eiamplti  of  f  Geminonun  is 
not  encouraging  to  the  oocultation-mtianale  of  continuous 
variability.  The  time,  however,  is  not  far  distant  whou  the 
decisive  motion-test  will  be  applied,  if  not  to  tills  faint  objoct, 
at  any  rate  to  othera  that  are  analogous  and  more  accessible. 

Some  few  of  the  variable  stars  in  clusters  belong  to  the 
Gemiind  class.  An  example  is  affbiilad  by  No,  24  in  the 
great  aouthern  star  globe  ta  Centouri  One  of  five  or  six 
thoofiand  silvery  specks  crowded  together  into  the  "span  of  a 
man's  hand"  it  yet  preaervee  individuality.  Onco  ic  11^  5" 
it  gains  twofold  brightneee,  then  fadee  even  more  rapidly  them 
it  increased.'  The  changes  are  said  to  resemble  those  of  S 
Antliie.  If  occasioned  by  tho  uninterrupted!  mutual  eclipses 
of  etiually  luiiiiDous  bodies,  a  mean  density  would  be  implied 
for  them  of  ono-fifth  the  solar  And  this  inespectivcly  of 
their  mass,  in  a  syetom  composed  of  a  pair  of  glol>os  revolv- 
ing just  in  contact,  density  depends  solely  upon  period.^  The 
reason  is  easUy  seen.      "With  a  constant  period  the  mass  of 

>  Bcnani  Oinuiar^  Ks.  33  j  Hamaril  Annats,  toI.  mviii.  pjh,  114,  160 
(Biilej).  '  Cf.  OiMrvatary,  7oL  am.  p,  £i, 
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a  &ys%Qm  yariea  aa  the  cube  of  the  distance,  and  in  the  fiame 
proportion  the  compoDcnt  spheree  mnst,  if  thi^y  rejnam  coq- 
t-igiious,  vary  in  buUc,  TIius,  since  volume  and  uqasb  preserve 
iiiidtr  Lbese  circumstancea  a  fixed  uiibio,  density  ia  tiie  somD 
for  any  asaignable  value  of  their  absolute  amonnta. 

A  varinble  Bt&r,  mote  than  coTmnonly  eQtgmatiail  in  itfl 
procedure,  oomea  next  od  our  Hat.  Discovered  by  Mr.  Stanley 
Williams  in  1886^^  V  Puppia  fluctuates  between  41  and  4"fl 
niaj^nitude  in  n  |)Griad  fixed  by  Mr.  Roberts^  witli  vigilant 
care,  at  17^  27^  13".  The  alternate  minima  are  slightly  un- 
eqiifd,  and  he  aoaomea  them  to  correspond  to  a  trifling  disparity 
in  brtghtnesH  between  the  members  of  a  mutually  occulting 
"dumb-bell"  combiuation  revolving  in  double  the  light- 
period,  or  1*  lO""  54^".*  But  here  the  Rpectroacope  inter- 
vener From  an  exam i nation  of  spectrographs  taken  hj 
Bailey  at  Ai^equipa,  Prol'e&sor  Pickering  inferred  in  1896' 
the  binary  character  of  the  star,  Uuring  thirty -seven 
hours  at  a  stretch  it  shows  double  absorption  lines,  which 
then  close  up,  and  after  a  brief  interval  open  out  again,  this 
lime  with  the  fainter  cdrnponenl  in  the  reversed  position. 
These  ahiftiugs  to  aud  fro  take  plai-^  in  a  cycle  of  3^  2^  46'*. 
and  indicate  a  relative  velocity  of  385  miles  a  eec30nd,  giving 
a  minimum  value  for  the  radius  of  the  orbit  of  16,500,000 
miles,  and  a  combined  mass  seventy-seven  timca  that  of  the 
sun.  Have  we  then,  in  V  PuppiSj  a  genuine  Instance  of 
discre^taucy  iMtween  the  motion  and  light- periods  ?  Or  ia 
their  eventual  recoud lenient  probable?  Mr,  Roberta  baa 
spoken  his  last  word  on  the  subject,  and  the  apectxographio 
data  soom  aiii«.  Yet  if  any  compromise  were  possible,  it 
should  be,  one  would  supposSi  by  subdividing  the  longer  period, 
not  by  eitending  the  shorter  one.  The  anomaly  of  th^ 
diaconlance  is  too  tiaijnint  to  be  admitted  without  eogent  proof.* 

The  variations  of  U  Vulpecuhe  proteed  equably,  according 
to  tbeir  discoverers,  MM.  Muller  and  Kempf.^  in  a  period  of 
eight  daya     M.  Luixet  of  Lyons  agrees,  and  regards  ibem  as 

'  J#r.  Sack,  No.  3410. 

'  Asti.  JevriL.  Nti.  177;  Astnpk.  Journ^  vdL  dfL  iv  iTT;  JVofm,  Iltli 
SqitatDb«T-  XiiQl.  ■  I/arnifd  Vireuiar,  Ko.  2\. 

*  Sinn  til*  aImta  wum  irritUn,  Ulis  A.  J.  CiiiDaD  hu  mide  th^  Iprief  lUlr- 
ment  {fftinvrd  ^nfidJA  tqL  xiriii.  p,  17T)  tli«t  tbo  S<^  period  okEufia*  a11 
cbvrrkdoDi.  '  Aatr.  Xac\.  No.  SiaSn 


SHORT-IERIOD  VAEIABLES 


335 


strictly  conformable  to  those  of  f  GemiEorum.'  The  H&rv&rd 
ineftHures,  Devertheleas,  indicated  jlu  Hccelerftted  ujcreaae,^  If 
it  be  Hiih^tHntialtd,  the  aitix  tOiouli!  rank  a&  intermediate 
between  the  Cepheid  and  the  Geraiuid  families. 

TheinBt&hility  of  f^  Scipoitie, euEpectcd at  PotBdam  in  IS^l, 
HF&A  verifitid  by  Yend^ll  in  1834.^  Its  phEtses,  ae  determined 
by  him,  resemble  thi«*e  of  ^  Lyrse.  They  include  a  secondary 
Diinimum,  symmetiically  placed  between  two  equal  maxiuia. 
The  spectroscopic  mveatigatiou  of  this  star,  which  never  descends 
BO  low  as  the  sixth  liiagnituden  should  preaeiit  few  difficultiea, 
and  will  he  of  spedal  intcreet  from  the  eide-Iighte  it  may 
throw  on  the  problem  of  the  Lyre  VEirJable.  This  Utter  sub- 
ject 13  BO  complex  ws  to  demand  Lreatment  in  a  separate  chapter. 

Another  inviting  abjtct  to  the  posaeasora  of  epectrographic 
apparatus  is  the  southern  variable  re  Pavonis.  It  ranges  frtjm 
3"8  to  5"2  magnitude  in  a  period  of  iiinu  days  two  houra,  but 
by  gradations  locking  dintiuctive  chara^iter.  Their  correlation 
with  spectral  Une-t<hiftiogg  might  serve  more  clearly  to  define 
their  nature.     Phy^sically,  the  atar  belongs  to  the  solar  famUy, 

Oae  of  the  many  singularities  connected  with  eLelkr  varia- 
tion is  that  it  takes  a  special  form  in  condensed  clusterEi.^ 
Even  in  them  this  form  does  not  prevail  universally ;  sporadic 
caSes  of  many  kinds  are  met  with ;  but  in  genetnl  the  light 
change  of  aggrej^ted  starfl  has  the  following  characteristics. 
The  periods  are  extremely  short.  They  average  half  a  day  in 
"  MeHsier  5  /'  and  fl  0  out  of  1 32  determined  fur  the  coiuponeote 
of  €o  Cenbauri  fall  below  twenty-four  hours,*  The  rise  to 
maximum  ia  wonderfully  ewift  One-tenth  part  of  the  cycle 
l0  about  the  proportion  claimed  by  it,  and  No,  45  a>  Ccntauri 
increases  by  two  magnitudes  in  the  apace  of  one  hour.  The 
minima  are  prolonged  dead-level  tiwits.  In  other  words,  the 
variation  is  disconLlnutius.  It  might  lie  describeJ  as  a  suddeD 
leap  upward  into  comparative  brightnesa  from  a  habitually 
low  state.  The  ma:tima  are  episodes,  foreign*  a^  it  were,  to  the 
internal  economy  of  the  stars.  TliDy  rccv\i,  nevettbelesft,  with 
the  utmost  precision.  Hundreds,  nay,  thousantla  of  successive 
peri»ls  have  been  watched  without  the  detection  of  the  smalleat 


^  J0lr.  I/afh.  No>  3570.  •  Hcrsjard  Ciro^'i*.  So.  41. 

'  AOr.  Journ^  Ho.  »ai.  *  3,  1.  Bailay^  Aatrvph.  Jvttm.  roL  JU  p.  t&7. 
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^^H          irregularicy,     Tbe  light^urvea  of  two  Etais  in  Messier  5  &i« 
^^H          given  m  Fig,  2B  from  Professor  Bjiikj'e  drawings.     K«oh  Ims 
^^^H          a  r&iige  exceeding  one  rndgDiludti,  aDtl  h  period  of  approximau']^ 
^^^K^^    tweWe  houTR 

^^^^^H          The  diBcoTcry  of  "cluster  vambleo"  oe  a  claes  apart  wa« 
^^^^^^  BWle  by  ProfeB3or  8.  1.  Bailey  in  the  course  of  hia  photographic 
^^^H         work  at  the  equatorial  Htation  of  H&rvard   College.      They 
^^^V          literally  awarm  in  certain  groupe,  while  in  others  they  nTiar       1 
^^^H          HcantJly  or  not  ni  ull.      An  isolated  sonthsni  nlar,  S  Ane,  tbe        1 
^^H          ohonicler  of  which  wa^  detected  by  Innea,  and  has  been  ic- 
^^H          veetigated  by  IScberte,^  appears  to  be  of  their  type.     Ordinarily 
^^^H          hibernating  ni^r  the  eleventh,  it  aprixtgs  up  to  9'6  atagnitude, 
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. 

v 

. 











-n 



-« 

fc_ 

' — 1 

H 







_ 



, 

■ 

'1 

— 

> 

^ 

— 

— 

■ — 

r 

— ' 

- 

-14 

— 

n 

^ 

— 

— 

— ■ 

— 

— 

— 

— 

n 

— 

N 

s. 

1 

1 

S 

\ 

i 

■ 

— 

— 

\ 

i 

\ 

t„ 

\ 

^_ 

t 

V 

.^ 

^ 

^ 

_ 

-J 

" 

r 

\- 

1 
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^^^^^^H                                       Wt  n.— IiflbtiC7iirTHafCliut«.ViriablHliMllijr> 

^^^1           at  the  rate  of  a  magnlbiide  In  twenty  minutes,  once  in  eleven 
^^H          bouTB.     U  Leporia,  over  which  Mr.  Lines  has  kept  wat^ 
^^^H          approxiTnateB  to  tbo  soido  type.     This  mode  of  variation  is 
^^^H          peciilidrly  difficult  to  explain.     Eclipses  will  noD  here  serve 
^^^1          OUT  turn ;  bowever  modified,  they  evidently  fail  to  meet  tbe 
^^^H           requirtiments  of  tbe  gituation."      The  phenomena,  indeed,  to  a 
^^^1          certain  extent>  invert  thoae  with  w^hidi  ecLpses  are  a^^sociatod. 
^^^H          Instead  of  an  abrupt  failure,  a  sudden  accesB  of  light  has  to  be 
^^^1          accounted  for.     The  queetion  whether  such  stars  are  biFioxiM 
^^H          is  of  great   interest     Cluster-componeuta,  which   are    rarely 
^^^1          brighter  than  the  thirteenth  magnitude,  cau  indeed  ncarc^ly 
^^^V          be  expected  to  fiiruiAh  a  re[j|y  to  it;  but  sometthing  definite 
^^^^          on  the  point  may  be  learned  by  a  apectrographic  appeal  to 
^^H          S  Also.     The  direction  that  should  be  given  to  further  inquiriaa 
^^H         will  then  become  apparent, 

^^^^^^B                                           ■  MirttMjf  KotinM.  ToL  III.  pH  lfl3v 

CHAPTER   XXI. 
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Oh  the  10th  of  September  1784,  John  Gwdrioke  of  York.  » 
deaf-mute  soircoly  twenty  yeara  of  age,  perceived  the  eecoml 
briglitest  star  ia  the  Ljro  U?  he  yariable.  He  aacertained, 
further,  the  main  features  of  ila  light-thauge.  They  are  very 
pecuhar."  Four  phEises  uf  Bpproxiinately  equal  duration  ai^ 
comprised  in  a  period  of  twelve  days  and  nwitly  iwenty-lwo 


lOUTfL  They  are  portrayed  in  the  ajmunetrieal  curve  drawn 
liom  Argelauder's  obaervations  in  Fig.  29.  The  twin  maxima, 
situated  midway  betwe<?n  tlie  principal  and  secondary  niiniiua, 
are  of  abauluteLy  Lon^tuub  brilll;iiLi:y^  Consb^uit^  too,  Is  the 
chief  phade  cf  obacuiity,  so  thtit  the  compass  of  variation, 
from  34  to  4"4  magnitude,  ie  a  fixed  quantity.  The  iatet- 
mediate  nucimum,  however,  ia  not  8o  immutable-  Defect  and 
eioesg  are  occadionLilly  observed  in  it.  But  the  flow  of  change 
ifl  always  amooth  and  uninterrupied.  Nor  is  there  any  pause 
in  a  slow  lenglibeuiiig  of  the  period,  which  haa  progl^essed, 
during  tlic  ia^t  hundi'cd  yeara,  at  the  average  rate  of  about 

^  B«»  Knowlffi^,  vaL  xrll.  p.  lafl  (A.  M.  Olerlea}. 
9S 
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onc'third  of  a  second  at  each  rociurencc.  That  tbe  distorb^ 
iiuCQ  will  provG  compeoBatory  can  ecorcelj  be  doubted  j  but 
the  law  of  restoration  is  not  yet  apparent. 

The  3jiectrnin  of  0  L^r*  is  {lGniijiat«d  by  helium.  It 
includes  members  of  dll  the  six  seriefi  emauatiug  &om  that 
fiubstance,  and  they  are  mostly  compoate  aggregatiooa  of 
bright  and  dark  raya'  The  Huggins  series  of  hydrogen  te 
Bipularly  repreeented;  among  metals,  calcium  and  magneuum 
are  promiaent,  and  ten  dark  orygen  linea  in  the  ulira-vio]«t 
were  photographetl  at  Tulse  Hill  in  1899.'  But  the 
special  cbfLracterifitic  of  this  apectnim  is  its  yariabiliLy. 
The  coupled  linea  are  neither  ^ed  in  position  nor  constant 
in  BtTucture.  They  shift,  they  split,  they  flash  and  fode; 
they  spread  into  difliise  bonds  or  contr&ct  to  deOnite  fig- 
ments; and  this  in  obvious,  though  disturbed,  subordination 
tfi  the  h'gbt-period  of  the  star  The  two  kinds  of  Tariatioa 
are,  to  aorae  extent,  mutually  dependent;  yet  they  are  far 
from  showing  a  atriet  concurrence.  The  loose  and  inde- 
tenninatc  nature  of  their  relatioDfl  places  formidnble  Dbetaclea 
in  the  way  of  investigating  either. 

Already,  in  1366,  Father  Seechi  noticed  bright  lines  in 
the  diaperseJ  light  of  0  Lyra*,  and  Von  Gothaid  was  struck 
in  13S3  with  their  unaccouotable  flactuations  of  visibility.* 
Eut  the  complexities  they  presented  wholly  baHlcd  direct 
observation  ;  their  unravelmcnt  only  began  to  be  poaaible  when 
spectrographic  methods  became  fully  developed.  Through 
Mrs.  Flemings  examination  of  the  Harvard  plates,  it  was 
made  evident  in  1891  that  the  emission-rays  bad  dark 
companions,  and  were  not  stationary  with  regard  to  them; 
and  Professor  Pickering'  gathered  from  their  displacemente 
the  probability  that  the  two  sots  belonged  severally  to  the 
unlike  components  of  a  close  binary,  revolving  synohronoualy 
with  the  ebb  and  How  of  totial  brightness.  He  estimsted 
their  relative  velocity  at  300  miles  a  second  m  a 
circular  orbit,  with  a  radius  of  50,000,000  miles.  This 
hypothesis  is  beyond  question  foundi?d  in  fact.  The  star  is 
composite,  and   the  eiciiseive  and  abeorpcive  elements  of   its 

^  Prat,  Jttroph,  /oHfiu  ToL  u.  p.  Sft3.  *  Aalr.  Xadu  K&  SUG, 

*  Rittafj/  of  Aatranomif.  Uh  ed.  p,  aiD  lA.  M.  Clcike). 

*  AOr.  JVoeii  No.  30(]. 
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epectmm  ehift^  on  the  whole,  oppositely;  each  b&ltalioD,  as 
Mr.  McCIean  haa  indicated^  movce  ae  a  unit,  a.nd  in  a 
contrary  bgum  to  the  other.  To  diHtinguiBh  Ihem  ought  then 
to  be  a  aimple  niiit-ter.  The  differently  affected  hues  ought 
of  thetoHQlTUB,  one  might  expect,  to  declajfi  their  separate 
origin.  Difficulties  well-uigh  insuperable,  neTerthalesG,  bfeet 
the  interpretation  of  this  speotniia.  Their  main  source  m 
this>  The  constituent  lines  do  indeed  osc-illate  through 
motion,  but  they  are  subject  to  further  influencea  of  a  more 
complex  kind,  and  of  a  harely  conjeeturable  nmnner  of  work- 
ing. The  Tflrious  spec.iea  of  change  are  hence  entangled  and 
diaguisefl  to  a  bewildering  extent ;  aud  totally  divergent  yiewe 
have  been  expreaoed  as  to  the  proper  apportionment  of  the 
spectrum  between  the  bodies  jointly  originating  it.  Sir 
Norman  Lockyer  attributea  the  nhsorption  lines  to  a  pair  of 
"  Orion "  atjxrs,  unequiiLy  ailvauced  in  developmtut,'  with 
a  relative  velocity  of  150  miles  a  second i  and  the  addition 
of  a  bright-line  companion  is  an  implied  necessity  of  hi£ 
scheme,  Mr.  McUlean  ^  demands  a  dark-line  and  a  bright- 
line  component,  mutually  circling  at  a  speed  of  400  miles  a 
second.  Miag  Mrniry  considers  that  three  at^rs  must  be 
engaged"  Dr.  Vogel  *  ami  Father  Sidgreaves/  although  they 
have  inreatigated  the  spectrum  in  detail,  make  no  attempts 
at  ite  analysis.  M.  Bi^dopolsky,  by  minimising  the  scope  of 
attack}  made  a  eubetential  advance  towards  the  solution  of 
the  problem.^  He  dealt  with  only  two  lines — the  absorption 
ray  of  magnesium  at  X  4482  and  the  brilliant  F  of  hydrogen  ; 
but  succeeded  in  establishing,  it  might  be  said,  incontrovertibly, 
their  separate  production  from  coqjoined  bodies  dissimilarly 
constituted.  The  magneaium  line  is  better  adapted  for 
measuremont  than  most  of  the  spectral  elements  of  ff  Lyr^ ; 
it  is  ffubjeet  to  only  moderate  alterations  in  width  and  defini- 
tion, and  determinations  of  its  motion-shifts  afford^  uecordingly, 
consistent  results.  From  them  E^Iopolsky  litis  cak-ulaled  the 
orbit  of  the  originating  globe,  which  may  be  identified  with 

'  ^atr.  and  Astri^ytio.,  vaL  tiiL  p,  676. 

*  JfmiWy  ^(tf IMS,  *q1.  Itii,  p.  6;  Oi^mWcfy,  ml.  xx.  p.  87. 

'  Haro^rd  A^naUj  vol*  nxviiL  p,  I03i 

*  SiUu-Jit/FbenJiUy  Borlin,  BCL  Feb,  iBfli. 

"  M^fn^ly  Koiivfi,  toU.  \\y.  p,  0i;  \jM.  i>.  PlU. 

*  Mtmorie  tkijlt  tipeUffoytpiati  Itaivmif  t-  xxti.,  June  L8V7. 
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Lockj^t's  KigQl  star.  He  found  it  to  be  but  slightly  eccentric 
[f  =  0'01};  tho  mean  radius  (suppoaing  the  pJaue  to  coucicic 
with  the  line  of  sight)  la  15,000,000  milsB;  the  sjttetii 
is  lidvAucu]^  towurdH  the  Hun  u,t  Ltie  rutt*  of  shxhu  milss  s 
second,  auii  thb  times  nf  nero  rndial  velocity  agree  su  ueatly 
with  the  epochs  gf  mmitaum  aa  to  lend  countetmnce  to  the 
eclipse-iationnle  of  light-failure.  A  second  orbib  was  then 
computed — trhougli  tar  less  securely — for  the  component 
showing  bright  F,  each  being  described  round  the  commoQ 
centre  of  gravity.  It  j^ruvod  lo  h&  abont  hulf  th4*  s\z«  of  the 
Former,  whlth  implied  tlidt  the  body  Lravelltng  in  it  (defiignaEed 
A)  was  twity  aa  massive  as  the  companion  (B).  It  poasessefl. 
in  fact,  the  gravitating  power  of  eighteen,  the  latter  of  nina 
suns,  yeverthelosa,  the  principal  minimum  corresponds  to 
the  obscuration  of  the  minor  globe,  while  at  the  Q&GOtviaiXj 
phase,  the  primary  star  Is  the  one  partially  occulted.  The 
bright'line  star,  A,  must  then  be  much  less  lumiiiouH  in 
propoTtiou  to  the  quantity  of  matter  it  contains  than  the 
dark -line  star,  B-  This  does  not  appear  probabli?,  but  it 
cannot  be  pronounced  iiupossible. 

On  the  whole,  Belopolsky's  results  are  plausible,  and  tlie 
baaitf  they  reat  upon  iii  solid,  il'  uarrow.  Yet  the  development 
of  their  cousei^uences  leads  to  a  network  of  perplexitiea. 
The  star  A,  charaelerised  by  hydrogen-emisaion,  can  be  no 
other  than  Lockyer'a  second  dark-line  star — that  resembling 
BellatriK ;  but  if  so,  "  the  bright  bauds,"  as  Miaa  Maury  sitya, 
"  have  a  residual  motion  of  their  own,  which  places  them 
sometimes  towards  the  red,  and  sometimes  towards  the  violet 
end  of  their  own  sjstem  of  dark  Lnes,  and  at  otber  times  upon 
the  lines  of  one,  or  both  spectra."  Vet  the  eug^ted  triple 
combination  is  inadmissible.  The  preaence  of  a  third  body 
would  require  the  introduction  of  a  second  period,  and  of  this 
no  trace  is  discernible.  The  spectral  phenomena,  are  in  many 
ways  abnormal  and  uuriccoun table,  bun  in  the  long  run  they 
conform  to  the  single  and  nearly  uniform  time^meosure  of 
the  system,  and  preserve  a  modified  tidelity  tc  the  course  of 
its  light-change.  Gravitational  disturbances,  too,  might  be 
expected  to  betray  the  influence  of  an  extra  member,  and 
none  have  been  detected ;  for  the  slight  retanlfltion  now 
going  forward  is  otherwise  explieabla     We  seem  proliibiled 
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tbe  lower  Beccioa  of  which  exhibits  bU  plan  of  the  snppond 
orbit  and  its  ^g-^hapet)  occu]iAnt&  Erideutlj,  when  tbej  ore 
fleen  broadndc  on  there  ia  full  light,  while  a  minimam 
attends  on  cjui-ftn  view  of  tbeuL  And  this  altogether  apart 
from  possible  ©clipflea.  If  thcee  occor  as  well,  the  effects 
lemforce  each  otbtir ;  wliile  tboae  dae  tc  the  gradual  tummg  of 
the  diaca  softeD  off  the  abruptness  of  occaltation-f^iaaes,  and 
tboB  aeiTO  to  give  the  light-curve  its  njnootb  chaiacter. 
The  mutoallj'  eclipeing  spherolda  umat,  howeTer,  be  extremelj 
dofla  together,  Lf  they  do  not  actuallj  coaleooo.  Combtning, 
on  tbe  questionable  aesumption  of  their  congmity,  the  d»- 
pUcementa  of  F  measured  by  Bylopolaky  with  tbose  attrtbtited 
hj  Jjockyer  to  three  ilark  line^,  Mr.  Nfj'era  found  tbe  maflaes 
of  hifl  two  ritora  to  be  respectivelj  iweiity-oiie  and  ten  (nearly) 
in  terms  of  that  of  the  sun,  and  determined  the  r^idiua  of 
theii  joint  orbit  at  31,000,000  miles.  Their  mean  densitj 
proved  to  be  lower  than  thaC  of  air  at  seci-level,  and  suggested 
a  "  nebulous  condition."  Indications  were  even  diacerued  of  a 
prop^fts  of  aeparatiou  between  the  components,  BCarcely  yet,  or 
juat  recently  a^Miompliabed.  "  In  either  case/'  Mr_  Myera  adda, 
*^  we  seem  to  have  here  the  first  concrete  example  of  a  world  ia 
the  act  of  being  bom."  And  it  cannot  but  be  noted  with  \iTo- 
fomid  intereet  that  "an  attempt  at  a  formal  representation  of 
the  condition  of  things  prevaJling  in  the  eystem  of  ff  Lyne 
leuda  to  tbe  aaaumption  cf  n  single  borTy,  rucIi  aa  Poincan^'s  or 
Darwin's  figorea  of  ecj^uilibrium." 

Yat  the  "fonnal  representation"  in  qneation  is  di£Bcult 
to  accept  aa  a  physical  actuality.  The  extreme  tenuily 
attributed  by  it  to  a  alar  ehininj^  with  vivid  lustre  almost 
delies  credaucij,  yet  is  an  inevitable  consequence  of  the 
satellite -hypothesis  of  variability.  Where  there  is  no 
halt  in  change,  there  can  be  only  a  traneieut  c^saabioa  of 
eclipse,  and  the  revolving  globes  muat  be  virtually  in  contact 
But  under  bheae  circumBtanced,  their  density,  ad  we  have  eoea, 
is  a  function  of  the  period  alone;  and  thirteen  days  is  long 
ecmpared  with  the  nine  hour*  of  U  Pegasi,  for  wbifh  star  the 
upshot  of  a  similar  experimental  investigation  has  been 
recorded.  This  theory,  moreover,  takes  account  only  of  the 
optical  changes  in  0  Lyra>,  Occultatiou-etiectfl,  distoriiou- 
effcots,  and  motion-displacementa  of  spectral  lines  are  of  thia 
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Idnd.  They  imply  no  intrinsic  alter&tioiL  They  &Tu 
compatible  witb  an  ahmlMlG  constancy  in  the  state  of  the 
syF^tfiD  ;  they  {?epenil  merely  upon  ihn  visaul  relatione  to  our- 
selves uf  the  hodies  forming  it.  They  tire  ottordingly  cjtlcul' 
able  and  meaBurable.  Exactly  what  aort  aud  amount  of 
fluctuationa  tbej  aro  cjipabb  of  produciitg,  am  be  ascertained 
&om  given  data.  But  with  the  physical  influences  of  cloee 
duplicity  upon  radiation  we  have  only  a  Bpeculativa  acquuiivt- 
ance^  Aod  in  the  ^ireseot  ease,  thowe  that  might  be  due  tc 
iinequfi.1  tidEil  diaturbanceA  are  excluded  by  the  circular  shape 
neceeearily  ascribed  to  the  path  of  a  etar  noted  for  the 
equal  duration  of  all  itD  phases.  Intrinsic  variations  in  ttB 
spectrum  are,  nevertheles3,  glaringly  apparent,  and  they  tend 
to  recur  cycliciilly  in  just  thirteen  dRjs.  We  spare  our 
readers  the  bewilderment  of  their  minute  deac^ription,  aj^king 
them  instead  tc  fix  their  attention  on  a  few  salient  points- 
Let  U3  conHider,  for  instance,  the  spectral  eymptoma  at  the 
criticjU  epoch  of  chief  miuimunL  Aljuost  aa  a  matter  of 
couTBe,  the  eontiDuous  radiance  has  faded ;  eixty  per  cent  of  it 
13  intercepted  or  otherwise  suppressed.  This  is,  in  fact,  the 
essential  cau3H  of  the  falling-oft'  in  hrigbtnepa  What  is  dis- 
tinctivB  is  that  the  enilat^Iuo-tines  have  become  narrower, 
sharper,  and  fainter  than  usual;  they  are  considerably  shifted 
towards  the  rod,  and  strongly  dovcloiied  dark  companions,  in 
their  normal  places,  are  attached  to  their  more  tefraogible 
sides.  Now  the  dowuwnrd  shove  of  the  whole  range  of  bright 
lines  h  either  due  to  motioo,  or  \y  in  uoU  If  it  is,  the  emit' 
ting  body  is  travelling  rapidly  away  from  the  earth  at  the 
time  of  the  snpponed  eclipse,  which  must  accordingly  be  dia- 
miesed  as  lietitiouB-  If,  on  the  other  band,  tho  altontioa  of 
wave-length  denotes  physical  action  of  some  kind  in  the 
atmosphere  of  the  star,  then  inferences  as  to  its  orbital 
revolution,  since  they  have  only  a  si>ettvowcopie  warrant,  are 
highly  precarious.  The  possibility,  to  be  sure,  may  be 
admitted  that  the  dark  lines  shift  optically,  the  bright 
lines  phyeicaUy  and  optically;  but  the  distinction  has  an 
air  of  arbitrariness  which  doeB  not  recommend  ita  confident 
adoption- 

Another    si^iificant    circumstance    is    that    the    spectral 
appearances    at  the  secondary  minimum  and  at  the  ensuing 
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maximnm  are  niut'h  alike.  The  most  chamclemtic  amttig 
thdm  is  the  projection  of  a  black  Line  cent^rully  upon  &  wide 
bright  band  Dr.  Vogere  drawings  of  ibe  first  ultrn- 
violel  hydrogen  line  (K  ^  at.  rnhese  aufCf-asive  phaseH  arc 
reproduced  in  Plate  XVI,,  Figs.  1  aod  la.  Hero,  at 
an;  rate,  a  single  light-BOarce  in  concerned.  A  moment's 
consideration  sufiicea  to  show  that  a  dark  line  in  the 
apBc^trum  of  oqg  sCar  cannot  cut  &  filice  out  of  a  brilliftnt 
baud  proceeding  from  another.  Absorption  impliea  real  sxr^ier- 
poaition  of  the  arresting  and  flbsorbing  layera  The  effect 
observed  is  then  one  of  revenwiL  It  arises  through  the  Stop- 
page hj  a  cooler  stratum  of  hydro^n  of  the  eoiiflaiong  fiom  a 
denser  and  hotter  imdi^rljing  etratum  in  the  eame  stellar 
atmoBphcre,  Fig.  2  in  the  same  Plate  represents,  fi*om  a  draw- 
ing by  ProfeBSOT  Keeler,  the  "  D  lines  "  in  fi  Lyra  at  priudpal 
Tuinimmn.  It  wbh  made  with  the  grciii  Lick  refractor, 
14th  and  15th  November  1889,  and  shows  the  fiodiiun  pair 
to  the  right  merged  into  a  dark,  hazy  band,  with  above 
it  D|  brilliant  and  uuBynunetricAlly  Tevereed.  Moreover, 
the  thin  dark  line  conetituting  the  revertial  seemed  to  tic 
nearly,  or  exactly  in  its  proper  place  ;^  the  obvious  rel&tlTQ 
shift  measured  the  lessened  rgfrjtngibility  of  the  emiwive 
beam.  In  the  gnHeous  envelope,  then,  of  one  and  the  same 
star  wo  find  a  helium  line  originating  at  a  low  level  moved 
towards  the  red,  while  its  repetition  by  absorption  higher  \ip 
preserves  its  wave-length  unchanged.  The  indicated  diflerenoe 
in  conditions  can  here  eciirccly  be  anything  else  than  a 
decrease  of  preaeure  upward  from  the  photospheric  Burface. 
The  significAQce  of  auch  an  inference  hardly  needa  to  be 
pointed  out,  and  it  seems  iuiposaibk  to  avoid  drawing  it. 

The  red  ray  of  hydrogen  is  particularly  brilliant  in  ff 
Lyrffii  but  since  it  lies  beyond  the  ordinary  fipectrograpbio 
range  it  has  of  late  received  little  attention.  Yet  the 
history  of  the  modificationH  which  it  assuredly  undergoes,  and 
of  the  modes  of  their  corrclntion  with  those  of  its  aasociate^  iu 
the  epectnim,  must  be  learned,  unJeea  knowledge  of  this 
wondCTful  star  is  to  remain  essentially  incompleta 

We  may  now  endeavour  to  sum  up  our  conclusions  regard- 
ing its  natm:e,  tentative  and  fragmentary  though  they  be.     A 

'  Attr.  and  Aftnph^riet,  rtfl  icii  p,  S56. 


I,    11*  l.iiif  in  !^|iii'Lui!(i  lit' ft  !.>n''  aP  '^ri»m!j]j\  Mitiijiiiirn, 

III.   Hf  Llxii  in  ^tfn-crrti f  {i  I.jiit  ,il  ^^nHul  Aliviiniiiu. 

a.    D.I.ijin*  III  |rf  Lym?  {Keeltt), 
^,   l)-[,iii<-K  ill  XuviL  EWfli-i  iHali-), 
-I,    S^iL'»:lrfl.  M'  Novfi  SaKiLtuiii* 
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fiaisbed  theory  on  the  subject  c^aaot  at  presont  be  formulated ; 
but  the  ground  may  bo  prepared  for  it  by  the  removal  of 
infldmiflaible  hypotheses  and  by  the  clariiicatioQ  of  thought, 

(1)  ThB  KyKtein  of  ^  Lyrae  ia  binary.  Two  sUirs.  anil  no 
more^  are  concerned  in  producing  the  ubserved  choogee  in  tbe 
quantity  aad  quality  of  its  light.  Both  show  strong  hydrogen 
and  helium  absorption  ;  one  ia  dialinguiBhed  beaidea  by  oxygen 
absoiptioQ,  and  it  le  this  latter  which,  in  all  probability,  emits 
the  more  conspicuous  set  of  briyiit  linps,  Th^re  are  indications, 
too.  Uiat  a  Hacond  set  ia  uooaMiumilly  sub-4[ipart^nt},  and  that 
the  spectrum  really  consists  of  two  separate  ranges  of  dark,  and 
two  accompanying  r^inges  of  Tivid  raya. 

(2)  The  dark  lines  are  in  their  normal  po'iitione  at  minima; 
they  are  ehifted  from  them  at  maxima,  when  some  of  their 
number  open  out  into  doublets.  The  conjunctions  at  times  of 
lua8t  light,  and  eluugationH  at  intevveDing  epochs,  of  two 
bodies  giving  absorption  spectra  are  thus  presumably  signified 

(3)  At  chief  minimum,  the  more  prominent  bright^  lines 
are  shifted  towards  the  red,  so  aa  to  lie  beside  the  corrospond- 
ing  dart  lines.  The  spectrum  baa  then  the  coupled  aspect 
diBtinctive  of  "  Novse  "  and  of  certain  other  emission^tars. 
The  change  of  refrangibility  during  this  pljase  cannot  1)0  due 
to  mcttion ;  it  may  be  due  to  preasure. 

(4)  During  the  second  half  of  the  period,  reyersals  ore  n 
leading  feature  of  the  spectrum,  which  thus  atJorde  evidence^ 
not  only  of  orbital  revolution,  but  also  of  a  course  of  physical 
vicissitudes  comprised  in  the  same  cycle, 

(5)  Finally,  the  cause  of  variability  has  to  be  considered, 
la  it  to  be  found  in  mutual  occultabions  ?  The  geometrical 
ccndilions  are  such  ae  to  admit  of  on  affirmative  reply;  the 
phyaical  conditions  are  adverse.  They  involve  a  rarefaction  of 
the  circling  bodies  so  extreme  as  to  repel  assent  unless  under 
the  stroaa  of  rigid  demon^trHlJon,  Anil  ttifit  in  by  no  means 
at  band.  Evidence  on  the  subject  could  perhaps  more  easily 
be  collected  from  objects  with  analogous  light-curves,  than  from 
^  Lyrfc  iteelf.  The  endless  complications  which  embarrasQ 
research  in  tbe  "  problem  star  "  would  not,  for  instance,  be 
likely  to  present  themselves  in  d  Serpentis.  Another  variable, 
highly  desirable  to  be  included  in  such  a  comparative  study, 
is  B  SagitUe.     This  remarkable  object  hsfi  a  period  of  seventy 
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days,  BymmetricaUj  divided  hj  two  unequal  mintina,  and  two 
sltgliblf  disparate  maxiiun.  The  light-curve,  honever,  underwenL 
3  curious  clmii^'e  iu  1874.  A  reveraal  of  tbe  miQima  was  per- 
ceived' Equulistttion  first  took  ^lace.  Then  the  secondary 
taimmum  graduiLlly  gained  omptioais  at  thd  expeDGe  of  the 
primary  \  and  tbe  exchuDi^^e  of  relative  values  w&a  Eot  redieeaed 
until  1383,  when  the  pristine  state  was  restored.  An  arretted 
tendency  towards  Bucb  a  trauaforrnation  is  Bometiraea  shown  by 
0  Lyiie  in  tbe  fluctuating  accentuatiou  of  its  aubordinate 
phaae,  but  it  haa  never  reached  bo  Irw  aa  a  bisection  of  tbe 
period.  A  euggostiou  ie»  aeverthelesa,  irrosiatibly  conveyed 
that  the  two  etare  forni  HimJlarly  constructed  Bj^tema.  When 
the  spectra  of  R  Sagittse,  d  Serpentia,  aud  IT  Pegasi  have 
been  eiamined,  and  their  changes  tabulated  and  collated,  we 
ehall  be  in  a  better  position  to  Interpret  tboee  manifest  iu  the 
Lyre  vnriablen 

'  naKeaJBU,  iVo:,  3faitthciier  Fhii,  Satiety,  toI.  aiv.  p,  li. 
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W    "  Long  penoda"  of  variability  mage  from  120  to  610  days.       ^^^^H 
Xoue   more   protracted   liav^  Ix^eii   definitely   ascertained,   Jiiid         ^^^^H 
tboae     tbat    are    shorter  belong,    ^th    rare    eiceptioua,    to              ^^| 

■     etaro    differently    characterised.       The    diatributioa    of    tho              ^^H 
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ve    are    at    present    concerned    with     ia    exhibits 
7    in     Fig.     31.       Tbey    number     20S,    and     a 
m   Chandler's   Third    Catalogue,   only  three,    wLic 
00   days,  Ijejug   for    convenience  on>itted-       Perio 
il     yeaTB     have     beaidea    been    ascribed    to    a    fe 

on   insuflicient   gionnds.      No   true  conformity 
laLDtaiued.     Phn^a  tliat  are  unusnally  slow  are  al 
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extremely  nncertain  in  developiDent.  So  far,  tb€  61Q-day 
cjcle  of  S  Coaaiopeiie  is  tbe  longest  that  can  be  depended  upon 
to  r«:ur-  A  cursory  refereiKje  to  out  diagmm  will  sLow  how 
largely^  among  long  periods,  those  between  2S0  and  300  days 
preponderate.  Accidents  of  discovery  connected  with  the 
length  of  the  year  cannot  well  liave  produwd  this  preference, 
which  seems  to  be  genuine,  and  not  merely  apparent.  On  the 
other  handj  tbe  indentations  of  th^  curve  are  asnnredly  caansj, 
and  will  be  Hrnoothed  down  with  the  multipl  I  cation  of  ubjet?t& 

The  typii]Al  long-period  variable  is  Mira  Ceti.  It  was  the 
first  detected;  it  rises  to  the  brightcflt  maxima;  it  preeente 
the  mcffit  vivid  Euid  diatinotive  speelrum.  More  than  300  of 
its  cycles  have  been  watched,  more  or  less  attentively;  yet 
familiarity  has  not  diminished  wonder  at  the  "  Wonderful  " 
EtarJ  TtB  modes  of  procedure  are  as  much  an  eniguuL  to  the 
spectroscopiats  of  Lick  ami  Potsdam  as  they  were  to  Fabricius 
and  Holwujda,  An  instructive  comment  upon  them  id  the 
omiBsion,  from  Chandler's  'J'hird  C'Ataloffuc,  of  the  modifying 
terms  appended  to  the  mean  period  of  332  days  in  his  Steond^ 
It  amonnts  to  an  abandonment  of  the  attempt  to  predictj  with 
even  approximate  ficcitracy,  the  cupritioas  changes  of  Ihe 
Frisian  paator's  Sidla  insoliti^  Aigelander's  laborious  efforts 
for  thoir  regulation  have  thua  pi"ovcd  futile.  He  con- 
sidered an  ofloillation  eilonding  over  80  years,  Fmd  compming 
8S  periods,  to  be  fairly  well  established,  and  found  indica- 
tions of  Another  of  IGO  years ;'  but  their  supposed  eflfects 
have  teased  to  be  apparent  Guthnick's  "long  inequality," 
oovering  200  cycles,  will  doiibtleaa  prove  equally  illusory. 
JTo  method  is  indeed  securely  tracoiible  in  the  accelerations 
OF  retardations  of  the  maxima,  and  they  digress  to  the 
extent  of  fully  two  months.  Long  and  short  periods  con 
neither  lie  pen^ivyd  to  alternate  nor  to  occur  in  series ;  still 
opposite  deviation,^  balance  each  other ;  there  is  no  progieaaLve 
alteration  in  the  length  of  the  cycle. 

The  highest  maximum  and  the  lowest  minimum  recorded 
for  Mira  were  both  observefl  by  Sir  William  HerscheL  He 
found  the  variable  nearly  equal  to  Aldebsran  on  6th  November 
1779,'  while  four  years  later  it   was  invisible  with  a  tele- 

'  Fluery,  Knotxi^idQC,  vol  i\x.  p.  2dO. 
'  fioMifl'  UtOi.  Rd.  Tij.  T(i.  li.  p.  Bay.  ^  Fhil  IWjw.  yoU  In.  p.  %^L 


ficope  showing  atara  ol"  the  tenth  mn-gnitude.  Of  late  it, 
has  not  l>eeu  known  tci  (Jeisceud  l^lttw  OS.  und  it  t^iuetltueK 
etopa  ohort  at  8^0  magnitude.  Il9  greal^est  brightneaa  is  even 
more  iDconstuutn  No  more  than  5'ti  miLgaitudc  wob  attained 
in  November  1858,^  or  one-fortieth  the  lustre  of  the  phase 
viewed  hj  the  Bath  otgaaist,  and  maxima  higher  than  the 
third  nmgnitaile  are  uncommon.  The  course  of  change  like- 
wise  SucEruatea,  but  in  geneml  the  riHe  i»  conBidembl^  more 
r&pid  than  tlie  decline*  ruid  the  high-level  status  is  maintained 
for  about  two  months,  the  low-level  for  at  leaat  threo,  without 
striking  alterutiona-  \et  change  u  always  in  progre^. 
Tb©  Light-curve  has  no  3at  etrelthes.^  No  connection  ia 
apparent  between  the  acuteaess  of  the  light  cripeH  in  this  star 
and  tha  times  uf  their  oc^c^urrejite-^  They  do  not  tend  to  become 
abortive  when  hurried,  nor  is  delaj  accompanied  by  intensifica- 
tiom  Argcknder  entirely  toiled  to  correlate  irrcgularitioa  of 
period  with  diaiirepanoios  in  the  amplitude  of  change-  As  the 
fruit  of  tercentennial  esperience  it  has,  however,  l*e«n  learned 
that  long-period  variablas  are  no  transitory  phftoomena.  Mira. 
at  any  rate.  exhihitH  no  sym^jtomu  of  decadence  alnee  tbe 
maximum  which  surprised  Fabrlcius  in  August  1590- 

Ita  epectrum  gives  evidence  of  powerful  disturbonee,  but 
ikone  of  duplicity.  Motion-shifts  depending  upon  orbital 
revolution  are  imperceptible.  The  periodicity  of  the  star 
must  be  eiplaineil  otli*;rwine  tJiao  by  adLribuLin^  Lo  it  a  binary 
character.  The  task  of  doing  so  is  indeed  most  afduous. 
Once  in  eleven  months  the  brightnesfl  augments  some  hundieds 
of  tinLt-3,  and  concomitant  apcctral  modiiicatione  aUbrd  asBurnnce 
that  these  annuul  outbursts  are  accompanied  by  atmoBpheric 
ignition-  What  occasions  them?  We  are  ignorant;  yet  the 
isBue  may  be  narrowed  by  the  following  eonKideratiou.  If 
external  action  of  any  kind  were  concerned  in  their  produc- 
tion we  should  espect  the  incaadeecence  to  be  coronal  or 
chromospheric — to  afl'eot  primarily  the  outer  layera  of  the 
gaseous  envelope.  But  in  fact  the  innermost  stiiita  are  those 
set  aglow,  while  the  overlying  vapours  remain  comparatively 

^  Schmidti  quoted  by  SoHt^afe^,  Majinheimcr  Jithra'-fericMt  Bd.  nL  p.  74, 

*  Gachnick  {AHr.  yntJi.  Ko,  374.^)  holiiH  that  the  »tar  ruiv  to  eicflpriniiHllj 
faifh  nuxuniL  voce  in  t9|  yttt^t.     Am  the  Itabui  proTwb  M^t,  Chi  fivre,  wtir^i 
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cooL     Tbe  masking  or  r  bnght    hjdrogen  line    by  calcium 

HbHor^itioQ  plju-ea  the  subsi.^T^iice  of  tbia  reUtion  beyond 
question.  So  far,  then,  the  evidence  favoura  the  view  tbftL 
Tari&bility  of  the  Mira  tjpe  arisee  Jtpotit&ueouflly,  ntbor  than 
tlirough  outside  influence. 

On  the  13th  of  Dt^mber  1885  Mr,  J.  E.  Gore  wm 
etnick  with  an  unfamilifi^r  reddish  etar  of  the  sixth  magnitude 
ill  tbe  Club  of  OrioQ.  No  map  included  it,  and  until  it 
reappeared  a  year  later  after  an  interval  of  quasi -ex  ttDctioo, 
there  waa  no  telling  whether  it  should  be  reckoned  as  a  Nova 
or  a  variable.  Dt.  Copoland  recorded  for  it  '^a.  very  beautiful 
banded  spectrum  of  the  third  type,  seven  dark  bands  being 
readily  distiaguished  with  the  prlsu)/'  The  intervening 
spaces  appeared.  "  full  of  bright  lines,  eapedally  in  the  green 
and  blue/'  Two  of  these  were  certainly  emitted  by  hydrogen, 
and  others  probably  by  ht'lium,  since  a  vivid  D^  waa  observed 
by  Von   Konkoly  ten  daya  later,  the   adjacent   sodium  pair 

Fig.  32  eshibits  the  light-eurve  of 
maximum  half  of  ita  period,  as  de- 
at  Turin  1889-50,  Its  form  is  by 
Id  general,  the  brightest  phntc  is 
reached  much  more  abruptly  than  it  was  m  1890.  The 
main  rise,  however,  is  always  prompt,  and  the  decline  gradual, 
although  the  minima  appear  to  be  well  defined.  They  hove 
not,  indeed,  owing  to  their  faintness,  been  much  observed. 
The  wideat  amplitude  of  the  atar'a  change  is  from  5-3  to 
about  12'5  magnitude;  but  these  limits  axe  seldom  attained. 
Nor  ia  the  assigned  period  of  375  days  confornied  to  with 
any  exactitude.  As  in  the  case  of  Mira,  prediction  has  to  be 
qaalilied  with  a  krge  aUowauce  for  unexplained  disturbaace. 

At  high  maxima  y^  Cygni  railiates  about  6500  timet 
more  powerfully  than  at  low  miniiiuL  The  star,  that  is  to 
say,  has  a  range  of  fully  nine  and  a  half  magnitudes,  from 
the  fourth  to  near  the  fourteenth.  But  in  some  of  its  cycles 
it  fails  to  ascend  beyond  6'5  magnitude;  for  it  resemblea  the 
other  stars  of  this  claas  in  having  uo  fixed  measure  of  chaaga* 
Its  period  is  now  40(>  days  ;  it  has  lengthened,  on  on  average, 
by  a  quarter  of  au  hour  at  each  recurrence  since  Kirch,  in  July 
1G6E$H  missed  &om  its  wonted  place  the  star  located  by  Bayer 

*  Siriater  JahrbiLch.  IBU.  p.  93  (Olbftrfi). 


being,  as  usual,  dark. 
tJ  Orionis  during  the 
liueated  by   M.  Porro 
no    means    in  variable- 
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in  eollo  Cyffni;'   nor  is  there  yet  any  anre  sign  of  a   com- 
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pensatcny   reverstil.     The  nature   of  the  secular  perturbation 
thus  betmyed  cail  scarcely  be  imagined     AxgeJander  noticed 

'  Myadltj,*i£a  BtTeiip4MM»  t.  i.  p.  20S. 
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besides  deviatioos  from  the  mean  period  ap  to  fortj  d^ys^  and 
sought,  with   imperfecta  suoceffi,  to  analyse  &iid   reguWtw   tiie 
mequalitiea    upoa  wliich    thej  depended.^      The   iocreoae 
light  in  this  vamble  oceupi^    171  days,  or  con^dexahiy 
than  half  the  pericKL     Its  moat  brilliMtt  phaaee  are  brief,  vr 
fainter  magi  ma  are  sometimes  prolonged  for  a  conple  of  motii 
In  1 S47  the  star  remaiDed  visibk  lo  tLe  naked  eje  diuiog  d 
days,  although  the  usual  time  of  ''  lucidity  "  JB^hy  Argelandei'i 
estimate,  only  o2  daja.'      The  scarlet  hiaie  of  ite  li^ht 
often  very  Btriidng. 

£  Hydr»  is  an  aa.-eleratiiig  variable.  In  170S 
interval  from  one  maximum  to  t^he  next  was  500  days ;  it 
shortened  to  437  in  1870,and  to  425  in  1891,  The  hi 
maxima  are  of  3'5  magnitude,  the  lowest  more  than  tax 
leaa  bright.  The  minima,  on  tfat-  other  hand,  occiir  with 
unitormityat  9'7  maguitudo.  strongly  rod  in  all  ita  pbadee, 
E  Hydne  displays  a  goi^eoue  eoloimadod  spectrum  lit  up  with 
bright  hydrogen  line^. 

The  variability  of  L..  Puppie  was  discovered  by  Gould  at 
Cordoba  in  1872,  The  range  in  magnitude — So  to  6"3 — io 
moJemtc,  the  period — 137  days — comparatively  short.  Wide 
departuroe  from  it,  however,  are  not  iofroriuoat,  and  it  is 
almost  equally  divided  betweeo  the  ebb  and  the  flow  of 
luminoeity,^  The  eolour  of  this  star  suggests  a  condagra*, 
tion,  uud  itfl  Bpectruin  reHecitbles  and  it*  no  less  efibctive  than' 
that  of  Miia,*  An  exce[>tionaIly  largo  proper  motion^  for  a 
member  cf  its  class,  haa  been  determined  for  it  by  FrofeaBor 
Porter  of  Cincinnati, 

An  analogous  objet-t  ia  met  with  in  W  Puppis.  Here 
the  rine  oecvipie^  G2  dayn,  tbe  def^line  oulj  58,  the  visual 
limitri  of  variation  being  the  eightli  and  eleventh,^  the  photo- 
graphic, the  ninth  and  twelfth  magnitudea  The  discrepancy 
is  naturally  accounted  for  by  the  ncD-actinic  quality  of  Lgbt 
conspicuously  red  to  the  eye.  The  detection  of  bright 
hydrogen  lines  in  a  third-type  spettrum  gave  Mrs^  Fleming 
in  1895  '^  the  clue  to  tlie  character  of  this  star.     The  fluctua* 

'  Bonner  Brob.  Bd.  -Hi,  p,  340. 
'  Huinbaldt'A  Cast/iin  (OlI^^b  Irans.),  toL  iiL  p,  236, 

>  RobatU,  Aitr.  J'/nm.  Nql  '295.  i9Wl. 

*  A-  /,  CHiinoa,  ffanmrtJ  A^vnatu,  vaL  uviil  p.  Iflfl. 

'  EoberU,  Atir.  Joum.  No.  ■!€£.  *  Aitrafik,  Jnm.  tdL  ii.  p.  198. 
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bionfi  inJt^ned  to  talce  place  From  that  unfailing  symptom  vrere 
looked  for  and  quickly  found  The  lighl-cuire  of  W  Puppis 
ie  very  regulJir,  and  takca  a  much  sharper  bend  ni  minimuni 
than  at  nuutiicmm. 

In  S  Urn*  Majoria  we  meet  a  much  older  actjuftintanoe, 
iLa periodJcityn  diw.'overed  by  PogHon  in  185M,  wan  estHhlislied 
by  a  record  of  its  mn^'nitude  mude  by  Lalaude  in  1790.  It 
ia  of  a  highly  perturbed  nuture.  *T\m  maximum  hrightneati 
varien  between  6'7  &nd  B'2  magnitude ;  the  minima  arc 
uncertain  to  the  extant  of  perhap^i  three  magiutudea,  ^ome 
QnuBually  faint  at  13'3  magnitude  having  been  watched  by 
Raxendell.  The  jictual  length  of  the  cycle  is  about  226 
days  ,  it  is  modihed  by  a  recurring  inequality  with  a  range 
of  nearly  eight  days,  but  much  more  extenaively  by  irregular 
deviations.  Tht^se  soem  bo  be  connected  with  two  curious 
inflectiona  of  the  bght-curva  About  aii  weeks  before  maxi- 
mum the  rise  \s  arrested,  sometimei^  for  a  fen  days,  fiometimes 
for  a8  many  weeket.  A  corret^pondirig  atpuy  in  the  deereane  of 
light  uaudUy  precedes  each  minimuui.'  TJ])on  the  duration 
of  these  halts  evidently  depends  the  retarded  or  hurried 
aecompllBhment  of  the  phjtses.  Noteworthy  bcddce  ie  the 
occasional  equalisation  of  the  times  occupied  in  waxing  and 
waning.  This  is  apparently  a  consequence  of  the  partial 
abolition  in  certain  cycles  of  the  paune  before  minimum. 
That  of  1875  was  diatinguifihed  by  a  steady  maiimum 
lABting  &om  '2'6Td  February  to  13th  April,  and  followed  by  a 
decrease  quicker  than  tho  preceding  increose^^  Similarly,  the 
Ute  Sir  Cuthbert  Peek's  diagram  for  1894  (copied  in  Fig.  33) 
shows  a  Hat  maximum  antecedent  Lo  a  precipitiite  decline- 
Again,  four  years  later,  the  light  during  two  months  scarcely 
varied  from  the  eighth  magnitude;^  and  it  may  be  remarked 
that,  as  in  the  sun,  toDg  maxima  are  low  niaxima.  The 
mean  light-curve  of  S  UtEte,  from  ohaorvationa  made  at 
Harvard  College.  1S89-99,  ia  depicted  in  Fig.  34.  Only 
the  general  courae  of  change  can  l>e  followed  by  its  nkeans : 
the  effects  of  tempoiary  obstructions  or  disturbances  are 
nec^sariiy  eliminated. 

I  Buetidflll,  Joum.  Livtrpoot  Attr.  Sot-  vgI  ilL  p.  SS. 

^  P«k,  Jifuni^  Brit.  AUr,  Avoc  tul.  Lx,  |i,  Sflt. 
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^^^^^^T         Deep  red,  &nd  ofti^n  husj  wbon  f&int,  this  star  haa  been 
^^^u         seen    Dearly  whita  at^  muximum — a  not    im<x)iiiiuoii  kmd  of 
^^^H         colour- ductUQtiou.      H  gives  a  poDrly-devc loped  spectmin   of 
^^^K         the  bhini  ty^ie. 

^^^B                   T  Ursffi  M&jorb  hae  a   total   range  of  nearly  £U   magni- 
^^^^          tudee,  uod  a  period  of  li02  dnys ;  bat  itn  Toriations  make  no 
^^^1          approach  to  oairormitj.     The  maximunj   t>rigtitiieB&  is  largely 
^^^1          uncertain  ;  the  mlrunui  ar^  Bonietinies,  though    rarely,  as  low 
^^^H          a8    13'5    magnitude.      The   luminous    tide    £owb,  at    certain 
^^^H          f^podiR.  with    txtivme    rapidity.      Between    5th    January    and 
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^^H           22Dd  February    1901,  for  iostauce,  the   star  increased   Itom 
^^H           12"4    to    77    raagrdude.       In  forty-aii   daya   it  acquired  ft 
^^H          aeventy-flis-lbld  brilliancy,  and  tlie  aagtneototioD  was  aoujm- 
^^H          panied  by  a  blanching  of  its  rays.     Of  their  dull  ruddy  hue 
^^^1          tv-fircely  a  tinge  survived  at   fulJ  liyhL     Fig.  35  reproduce* 
^^^B          the  mean  curve  drawn  at  Harvard^  which  is,  of  couree,  much 
^^^H          more  aymmetricftl  than  iiuy  of  the   iodividual  curveB  serving 
^^H          as  its  basis.     Tlie  maxima  and   the    minima  appear  from  it 
^^^1          to  he  about  equally  sharp. 

^^^1                 The  curve  of  T  Casoiopeiie,  en  the  other  hand,  cannot  be 
^^^V          smoothed  into   sbapelinc^^       It   ia   repre^nted   in    Fig,    36. 
^^H          The  aecoodary  maxiinam  occasioning  the  hump  on  the  upward 
^^H          branch  la  never  absent,  and  protracla  the  cyi^le  to  445  days, 
^^H           considerably  moie  than  haU  of  which  (240  days)  ore  occupied 
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bj  the  abnonnHllj  impedeil  plijuw  of  inci-eaBt,     The  period  is 
afr«ct«d  by  a  C4jji]pmisatQi'y  JQeqii&litj. 
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The    variahility  uf  R  Leonis  was  detected   by  Koch   in 

1782:  yet  sis  score  years  of  scrutiny  have  only  eufficed  to 
rcndor  more  manifest  the  almost  hopclefis  iotricacy  of  the  laWB 
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to  which  it  ia  aubjeol.  Since  L890  the  uiaiima  hftva  been 
perHiHlontly  ricceleratetl,  coTU|ii[ULLionH,  fuiuided  un  a  nominal 
period  of  :!12  days^  being  left  in  the  lurch  in  November 
1896   by  forty-threu  daya.     That  theie   is  n  krge   periodic 


8M 


PEOBLEMS  IN  ASTROPHYSICS 


ineqnulity  admits  of  no  doubt ;  "  but  the  cbBerratiooa  of  the 
last  favf  yGBTs."  Dr.  Cbnndler  remarked  in  1S96,  "ehow  tha^ 
it  w  Lomplicjiteil  with  otlier  unknown  terras,"  the  neglect  of 
whicK,  pending  tlie  de^iilopiacDt  of  tbeir  natui-e»  seemed  to 
him  safer  Ihaa  the  attempt  to  use  tbetn  for  purpoeee  of 
prediction  in  ignontnco  of  thoir  value.  That  is  to  say,  the 
phases  cun  be  registered  as  they  occur,  but  defy  accur&be 
luititipaliun.  Tbe  glowing  coliinr  and  brilliunt  speetriim  of 
the  Btiir  niaktt  it  an  object  of  singular  beauty  and  inleresL 
Its  toUi]  range  is  &oai  b'2  to  10  mugiiitude,  bub  the 
oeciUationa  are  ofk-n  of  leoa  amplitude. 

The  variability  of  V  Ddpbiiu  was  discovered  by  Ub, 
Fleming  in  1891  by  the  shining  of  bright  hydrogen  Liiitf' 
amid  tlie  flubiugs  of  its  ^tpeutrum.^  It  is  of  enormous  extent 
Between  masimura  and  minim  nm-ligbt  there  ia  a  difference  of 
cloae  upoa  ten  magnitudes  Observed  as  of  7^^  magnitade  on 
1st  October  1899  with  tlie  forty-incli  Yeikea  re&actor,  the 
star  had  on  the  enmuii^  20th  July  sunk  to  invisibility,  and 
niuHC  therefore  have  Leen  below  tbe  seventeenth  magnitude,' 
The  period  is  540  days. 

A  strange  Anomaly  in  Lhe  light-change  of  R  Lyuciti  waa 
placed  on  record  at  Sir  Cuthbert  Peek's  ohaervatory  in 
1898.^  From  a  Bmouldoring  minimum  the  b'tar  had  risen  by 
2nd  March  to  10'6  mngnitude;  when,  anddonly  Tcrcrsing  it? 
course,  it  dropped  in  eightoen  days  to  the  thirteenth 
nuLgnitude,  hut  finally  rei^uuieil  the  interrupted  process  of 
brightening,  and  mounted  at  the  customary  rate  to  a  maximum 
of  7'o  magnitude  on  11th  Auguat  Such  apparent  caprice* 
oonstilute  indeed  a  LeJlJing  enigmaf  but  should^  for  that 
reaeon,  be  the  more  steadily  kept  in  view  in  dealing  with  the 
general  question  of  stellar  variability^  The  high  and  tow 
phases  of  B  Lyncit^  an^  alike  definitely  marked.  The  period 
Ctadgned  to  them  ia  330  daya 

The  variation  of  B  Cygni  eaceeds  eight  magniludoa  In 
rising  from  one  extreme  to  the  opposite  it  gains  a  2500-fold 
increaBe  of  light.  Th^  maiimH,  however,  aa  usual  in  this 
class  of  variables,  are  very  unequal,  some  being  seven  ttmea 

1  Aatr.  j\acX^  Via.  5035  ;  Hartwift,  itid,  N«.  S2U.  3&0O. 

*  HiilQ,  Verka  ObicrixUirry  S»iitliit,  No.  13. 

'  JtnirR.  lirit.  A/itr.  Aaoc  vol.  \x.  p,  200. 


more  brillfant    tbun   otliere,     Mr    Espin    holieveiT    in    1 888            ^^H 
that  a  regulur  Alberojitioii   oF  Li^li   ui»d   low  ]]fijti4ti&  nijght  tie             ^^H 
counted  upon;'    but  tLek    subsequent  disordered    ^iiccmnion            ^^H 
belied   the   iDf(^^ellce,      The  atar    is  among  thoBc   in   ^hicb            ^^H 
diuinees  is  ijccaaioDallj  attended  by  a  curious  UitTuseOGss  of           ^^H 
aspect     ThuB  in  Vebruai7  and  Maivb  1834,  having  previously            ^^M 
stink  out  of  sight  with  a.  6^-iitch  refractor,  il:  cam^  ag^in  intii             ^^| 
view,  at   the   Koiiaiion   Oheervatpor^',  iit    the  ^hape   of  a   itnmll             ^^H 
bloiBb  nebula,  re&embling  a  raiiib  cornet^    This  object*  which  had            ^^H 
conlTocted  on  24th  Muroh  into  u  necdlc-poiat  cf  light  of  the            ^^H 
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twelfth     magnitude,    rftimied    its     nebular     appearance     m 
February  1895   and  March    1836.     Tbe  mean   period  of  fi 
tygui  is  426  days;  but  the  intt-n-al  between  the  nuudma  of 
Novf^inlier  1890  Atitl  February  1892  aiuouutt'ij    to  457.-'      No 
niore  tlian  150  dayii  are,  as  a  rule,  Hpent  in  the  v'tsc^ 

Tbe  unique  form  of  light-curve  repreeeoted  in  Fig,  37  is 
assigned    by  Profcaflor  Pickering  to  T  Andromoda.     Derived 
from  photogmpliic  data,  it  awaita  visual  coDfinoatiou,  yet  can 
scarcely  be   wiilf»ly  erroneous.*     The  uniform   progression  it 
depi(;t8  need   nut,  indeed^  be  accepted  oh  u  rigid  reality ;  it 
must  be  i^ncixuLcbtid  u[ton  by  sundry  kinda  of  di^tuibitiice,  and 

'  At^^  yadt.  No.  aaSft,                      '  Peak.  VvriabU  mr  A'irffa,  iTo.  4. 
^^^^K              '  Tmrnley,  Pubi.  IFiuMfmm  OfuemUory.  ¥dI.  tL  pL  HL  ]j.  AO. 
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the  maximiL,  hDvrerer  hrief,  caunot  be  instantaneous;  at  every 
full  tidi:  there  ie  an  interval  of  "slack  water."  NeYcrtheloae, 
if  eren  the  mean  oiirve  prove  to  be  liEear.  the  circumstance 
will  be  of  great  intereat,  and  the  etar,  meanwhile,  tnerits  vloBe 
atbentiioiL  Owio^  to  its  nHiii«?sH  the  photogriLphic  curve  is 
tranaposeU  downward  on  tlic  act'ile  to  the  extent  q(  one  and  A 
half  ma^itudes/  so  thuit  Che  variubLe  sliona  four  times 
brigliter  to  the  eye  than  to  the  aensitive  plate.  Hence  changes 
of  colour,  should  they  at  any  time  Bupi*n'ene,  would  neceeenril)'' 
pioiluee  large  diatortiona  in  the  automaticslly  regii^UMi^d 
course  of  light -fluctuation.  The  fifateraatie  compariaon  of 
visual  and  photogmpliic  detertiiiDationa  of  magnitude  might, 
indeed,  be  used  as  an  effectual  meaaa  of  testing  the  permanence 
in  hue  of  long-period  variablea  While  it  remained  conaULnt, 
the  curves  of  light-change,  obtained  retinally  and  chemically, 
should  flow  parallel  to  oni?  another;  they  would  merge 
together  if  the  nUir  hUnrhed,  and  diveige  still  farther 
if  it  reddened.  The  variabiliLy  of  T  Andromedoe  waa  dis- 
covered by  Dr.  Anderson  of  Edinburgh  in  1893.  The  pt-riod 
Beema  to  have  suddenly  shortened  from  281  to  265  days  in 
1895. 

Variables  of  the  fourth  spectral  type  are  mostly  erimson- 
tiobed,  and  have  protracted  periods.  Indeed,  these  two 
charai:teristics  show  some  kind  of  mutual  dependence,' 
Chondler'a  rule,  "the  redder  the  star  the  longer  the  peri<fd," 
being,  on  the  whole,  tonformed  to,  -Apposite  examples  are 
Fumiehed  by  S  Cephei,  V  and  V  Cygni,  The  period  of  S 
Cephei  avera^  484  dayn,  hut  ih  Kuhject  to  an  alternate 
lengthening  and  dliLTti'.uiug.^  More  than  luilf  of  it,  or  about 
257  days,  is  occupied  in  the  nscent  from  minimum  to  maximum, 
and  this  exceptional  arrangement  is  consistently  laaiatained. 
The  light-curve  ip  highly  irregular.  Smoothed  out  by  striking 
a  deeenniiil  bQlincc,  it  took  the  farm  shown  in  Fig,  38  from 
the  Harvard  C<illege  representation.  But  ita  dissymmetry 
is  greatly  modified  from  tliat  of  the  tracing  ^iven  by  the 
obaervaliona  of  any  ainglc  period.  Uftually  there  is  a 
rather  awift  increase   and  d«:rcaBe,  followed  by  intervab  of 


'  ParkbunC  Pnpvlar  jistronmny,  wol-  i-  p.  4fl^ 
'  Schni^t,  Aar.  Ntwh.  No.  He?  ;  Chatidlpr,  Aatr.  Joun.  Hru-  ISA,  103- 

*  Pitkhurst,  Pop,  At^r.  vol  i.  p,  Sflfl, 
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approximate  constancy,  at  fnaxiniuin.  of  about  a  hurtdrod,  at 
minimum,  of  fifty  dajH.'  Not  unfrequenLly,  however,  the  curve 
has  &  sharp  apex,  and  its  downward  flovr  m  interrupted  hy  ft 
aecondary  riae.  Stich  "  6tand-atUla "  (aa  Mr,  Maxwell  Reed 
calltt  them)  aro  a  familiar  feature  of  long-period  variability- 
Seventh -magnitude  brightneea  is  never  fully  attained  by 
S  Cephei,  and  it  occaaionally  drops  below  the  tldrteenl^h 
magnitude.  Like  miiuy  very  red  at^ra^  it  han  iicceaaes  of  ]>ad 
deltultion.     Thej  occur,  very  remarkably,  not  at  low  light,  bnt 
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near  maxima,  when  "a  ruddy  haze"  wems  to  envelop  a 
definite  disi:.^ 

In  463  dajfi,  almost  equally  divided  between  the  gain  and 
the  losB  of  brightnesa,  U  Cygni  varies  from  7'0  to  1 1'6  magnJ^ 
tude;  yet  with  no  approach  to  regularity.  The  maxima  are 
Bometimes  fiinter  than  the  eighth  magnitude ;  the  mtniina 
flnetuate.it  is  thought  cyclically/  trom  94  to  ll'S  magnitude. 
Tha  [>eriodicily,  too,  is  oontplicuted  by  an  outatanding  dis- 
turbance. 

The  period  of  V  Cygni  iB  413  dayH,  and  the  riae.  which 
occupies  220  days,  ia  disproportionately  slow.  Lindemann 
registered  a  steady  decline  in  the  maximum-brightness  of  the 
star,  from  68  magnitude  in  1882  to  S'-t  in  1891  i'  id 
Bome  cydeK  it  does  not  exceed  9  5  magnitude;  while  the 
minima  ocuui,  with  tolerable  umfonnity,  at  the  low    level  of 


)  Koed^  A^.  .fount.  No.  S30. 
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13'fi  magnitude.  Hie  inaiimiL  are  Hnun^ded,  at  inLervjils  of 
two  months,  hy  Bubcffdinate  phasea  of  recovery.  The  colour 
of  V  CjgQi  18  especially  iDtense.  The  carmine  of  its  beamf* 
corresponds  to  ii  powerful  stoppogo  of  the  oomplcmeDtHrj  blue 
and  violet  rudiations,  by  which  a  stpleudid  prepooderanoe  iB 
aecured  to  the  red  end  of  the  gpoi^Lniin.  No  bright  lines  have 
been  CHtainly  recogDifled  in  the  disperaed  light,  of  eitbfr 
U  or  V  Cygni ;  Lbey  ore,  oa  we  have  s&ajl,  pionunent  ia 
V  Hydne,  a  fourth-type  vuubld  of  no  settled  periodicitj* 

A  fundamental  diatinction  is  apparont  between  the  two 
chief  kinda  of  eteUar  variability.  Stare  with  "  short "  periods 
are — in  a  few  cases  demonatrably,  in  the  rest  prosuoiably — 
cloH!  pairs,  Ihe'iT  mode  of  circulation  presmbing,  in  aome  on* 
Ijknown  waj,  Lbeir  laws  of  light-change.  The  atricb  accuracy 
of  its  fulfilment  hent^  results  an  if  by  mechanical  conslraint. 
Mira- variables,  on  the  contrary,  give  no  sigoa  of  duplicity; 
and  the  marked  iiregolarity  of  their  phases  aflirms  their 
origin  through  a  complex  interaction  of  physical  disturbances 
That  these  at^  inlemfLl  and  conHtiUitiunal,  there  Is  the  best 
reason  to  believe-  Spectroscopic  symptonis  are  fairly  decisive 
on  the  paint-  They  have  aa  yet.  however,  been  very  parti&llj 
observed.  A  bare  gleaning  of  facts  has  be*in  gathered,  and  we 
want  a  full  harvest  a^  a  foundation  for  ewfe  iafereneea  A 
spectroscopic  study  throughout  their  cycles  of  variable 
curbon-Atars  would,  for  instance,  be  moat  valuable.  The 
behaviour  of  the  bright  linos  shown  by  them  might  even 
prove  crucial,  fiiHt,  as  regards  the  position  in  their  aluioapheree 
of  the  emitting  etrata.  nestr  as  to  the  seat  of  the  recurring 
commotiona  The  spectra  of  U  and  V  Cygni  and  of  R  Ltiporie 
may  be  cited  as  among  those  claiming  systematic  and  |iro- 
longed  observation. 

The  realitj  of  the  diffuse  aspect  intermittently  presented 
by  certain  variables  could  readily  be  tested  by  examining 
them  at  euch  timi^s  with  u  refieobor.  Ke&ootorB,  owing  to 
their  imperfect  oolonr- correction^  often  produce  abnormal 
images  of  objects  peculiarly  tinted-  Nevertheless,  if  this  weie 
the  true  and  only  explanation  of  the  elTects  io  question,  we 
should  expect  to  find  them  ilevelop  under  uniform  conditions* 
and  thcj  appear  instead  incalculably,  and  oe  if  by  caprice. 
Ad  ioBtructive  example  is  furnished  by  V  Cygni.     On    19th 
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'luly  188;^,  BIX  weeks  after  a  majiimuii],  Lindeiiiaiiii '  saw  the 
variable  at  Tuikow*^  ii3  an  iadiHtinot  o^ppery  disc  f)ut 
fit  the  eaiDG  interval,  b^fora  the  higb  maximum  of  ^lat 
August  1882,  it  showed  not  a  truce  of  nebulosity,  tLlthough 
ititUDH^Jj  red.  On  Sth  October  1883  it  appeared  almoflt  bliurti- 
coloured  Jiod  verj^  diffu^,  while  ninti  ^\a^y^n  luter  '\X»n  iumge 
wa6  poInt-Uke.  stellar,  and  precise.  AnAlogoua  observabionH 
htive  been  made  by  Mr.  tlrover,  Sir  Cuthbort  Peok'a  uaBiatiLab* 
on  R,  S,  aod  T  Uaufiiopeiffi,  K  and  ^  L'retc  Majoris,  and  several 
other  objects  of  their  daas;  and  by  Mr.  Knott  on  U 
Gemincrum,  which,  as  a  white  star  giving  a  coctiiiuouB  spec- 
trum, ougbl-  to  come  regularly  tc  focua.  For  not  a  few  stare, 
6uch  as  U  Coronie  and  5  Herculis,  dim,  btuieh  nebuloeitiefi  are 
eubatitutcd  at  low  minima;  and  not  uncommonly,  even  on 
nights  of  oxcellenb  detinitiun,  v^ahlce  in  moderately  high 
phases  appear  sharp,  though  very  redj  and  afi  it'  prcjecttid  on  a 
background  of  glowing  haze  Then  again,  they  present  a 
dearly  outlined  disic,  or  a  "  lurgw,  woolly,  ill-defined  image 
resembling  a  small  but  bright  planetary  nebula/'^  Most  of 
theae  diver^ties  defy  anticipation;  they  oan  be  uesociated  with 
no  particular  sLa^^  of  variation,  and  eomo  of  the  roddoat 
flCOTS,  R  LeoniB  and  R  Leporia  among  the  number,  appear  to 
\te  exempt  from  theiu.  Yet  their  literal  inierpretaliou  u£ 
indicative  of  physical  alterations  iit  the  bodies  aflectod  liy 
them  would  lead  to  couaequeuc^!!  of  outrageous  improbability, 
Propiflionally,  at  rmy  rate,  the  wiser  ooarHe  is  to  refer  them  to 
fi  combination  of  atmospheric  and  inetruniout&I  causea.  With 
these,  no  doubt,  a  genuine  change  of  luminous  quality  concura, 
whereby  BE-mi-ertiaut  stars,  being  thrown  out  of  founds,  BSHiime  a 
nebular  disguise.  It  Is  noteworthy  that  the  records  of  a  series  of 
obeervationfi  ou  the  minima  of  twenty-two  long-period  variabloa, 
executed  with  the  Yerkes  forty-inch  refractor  in  1900,*  mclude 
no  mention  of  unusual  phenomena.  Attention,  however,  eeema 
to  have  been  directed  entirely  to  the  determination  of  magni- 
tudes, nor  had  any  of  Llie  stars  on  thti  list  (U  Gemtnorum 
excepted)  been  previously  remarked  for  optical  peculiarities, 
A  clue  to  the  labyrinth  of  stellar  variations  ia  likely  to 
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be  afforded  hy  the  ci.ii]iinued   inveatigution  of  solar  periodicity. 

Coiupdiiaoiia  ol"   the  spot't^urve  with  tlie   light-curves  of  Mira, 

X  ^7^^.  T  Ursie,  or  almost  any  of  their  congeuera,  bring  a 

conviction  that  tho  phtsnomenu  differ  in  degree   rather  than 

in  kind.     The  plottings  of  BoUr  and  Btt^llor  disturbonces  show 

the  same  character  ot'  dia?ymmetrj',  and  the  nA.m&  order  of 

irregularity.     In  both  clasaeH  of  ru^reeentation,  high  Bummits 

&to  uaiially  Hharf^  low  aumniits  hlin^t.      In  both,  the   GOUi?e  of 

change  ia  now  halting,  now  hurried-     Hesitations,  Bubordinate 

Ascentft.  and   auhordinato  subaidenoea    before    completing    the 

pha«e»  are   comniou  features.     There  ia,  indeed,  no  mtxle  of' 

departure  from   uniformity  traeeahle  in   the  solar  cycle   that 

cannot  \t^  strictly  paralleled  in  the  caprices  of  stellar  emiseioa-i 

The  analogy  htLa  been  rounded  out  by  the  discovery  that  tha 

Bun,  at   Hpot-niftsima,  is   esaeQtially   &   bright-Uno  atar.      Its 

Bpeotrnm  then  ahareh,  in  a  juat  percepliblo  do^reoj  the  blaiing 

quality  that  distinguishes  Lhe  spectra  of  Mira- variables^      This 

is  a  further  and  an  irrefragable  proof  of  the  corresponde nre  of 

the  epochs.      Light- mail  ma   in   the   stars   match   j^jjot-maxima 

ia  the  sun.      In  each  case  a  deyelopraent  of  internal  energy 

gives  rise  to  enhanced  incandescence,  accompanied,  in  the  single 

Bpeoimen  ofa  Bub-variablo  star  within  roach  of  detailed  obaer- 

vation*  by  rendings  of  the  photoapheric  envelope,  and  outhiiTHtft] 

of  chromoBpberie  flames.     Looking  a  little  closer,  we  can  dis* 

eeru  the   prolKihility   that   the  cyclical   variatioup;   of  all   Lhese 

bodies  depend  essentially  upon  a  riae  and  fall  of  activity 

the    vertical    circulation    by  which  radiation   ia    maintained. 

The  rate  of  conveyance  of  heated  matter  from  within  outward 

must  be  a  determining  faetor  of  photospherie  brilliancy,  tran- 

Bcendent  lustre  imjjlyinjj^   unusual   celerity  of  brunsporL      This 

LB   the    vibal   pn^eaa   of    »uns,   the   checking    of    which    must 

immediately    become   sensible  in  their  diminished    output 

light.     Here,  if  anywhere,  will  be  found   the  eecret  of  steli 

vari  ability. 


CHAPTER    XXIII. 


FKCtrUAIt    AKD   IBRKQULAR    VABUBLSB. 


The  Rtors  Foryicg  in  periods  comprised  between  thirty  and  u 
hundred  days  are  uot  i^umeroua*  and  Ihey  are  often  peculiar. 
Among  them  are  to  be  found  such  remarkable  objects  as 
R  Sftgitt*,  E  Suuli,  U  Geminoruni,  and  S'  Cjgni.  Of  R 
Sftgiltie,  with  its  double  period  and  reversing  minima,  some- 
thing hafl  already  been  aaid.  The  poaaibility  that  it  ie  in 
reality  a  "abort-period  variable"  on  a  magnified  time-scale 
ia  saggested  by  lie  resemblant-e  to  ff  Lyre,  and  amphaeiBea  the 
qnestion  as  to  its  spectroecopio  duplicity.  Its  irreguliiritieB, 
thougli  conaiderabie,  do  not  u.p|)ear  to  transueod  the  limit  of 
what  might  be  explicable  in  a  giaTitatiooal  system. 

This,  howcTcr,  ctinnot  be  eaid  of  K  Scuti;  and  since  the 
two  stars  are  analogous  in  their  mode  of  variation,  a  rationale 
clearly  impossible  for  one  must  be  regarded,  for  that  reaaoa 
alone,  as  highly  improhable  for  the  other.  The  finctuations  nf 
R  Seuti,  first  observed  by  Edwurd  Pigott  in  1795,  extend 
from  4'4  to  about  9'7  magnitude,  and  have  a  nominal  period 
of  eevcnty-OQe  days.  But  they  cannot  be  even  empirically 
embraced  in  any  formula,  As  Mr.  Planery  remarked  in  1896, 
"  No  set  of  elements  yet  devised  will  fit  thia  star  long."  ^  Each 
in  lum  liiis  Ui  1)e  rejected  as  iinserv^K^eable.  Thus,  ou  6th 
May  1897,  the  Btar  showed  a  complete  inversion  of  phase;' 
it  waa  at  a  low  minimum  instead  of  at  the  computed  maximum- 
It  then  rose  to  an  unforeseen  brightness  of  5'4  on  llth  June, 
diminished  to  half-light  during  eighteen  days,  and  finally, 
remounting  the  slope  it  had  juat  deaceoded,  ahone  duly  at  the 
predicted  uiAKimum  of  1 7th  July.      Again,  it  varied  less  than  a 

*  rnpvMffC  raL  xu.  p.  U80.  ■  Jbid^  ml  xx.  p.  aST. 

303 


^^H         964                PBO&rKM:^  I^  ASTUOPUVSICS                      ^H 

^^^1          iDBgajtiide  for  two  monUis  aftei  the  maximnm  of  29tb  August  ^^A 
^^^M          189G,  bat  undt^nfeQl  a  [iretdpit^be  declioo  At  Ute  end  of  th«^^| 
^^^1          fltotion&rj  apelL     The  li^bt-curve,  &om  Mr,  Flonery's  obeer-^^^ 
^^H          vfttioua  Julj  to  October  1895,  ia  giveo  in  Fig,  39.     It  is  that  ^^ 
^^^1          of  a  8tttT  which  refos^'B  Ur  be  bound  by  the  shjickles  of  anj         1 
^^^H          defitiite    theory.     FAint    and   brighter    miDima    ultentate,   oa          1 
^^^H          AjseLtDclsr   loBg  ngo  perceived;  uuii  ihey  perliapflp  now  and^^J 
^^^H          ^iiin,  exchange  relative  values,  like  thuac  of  B  SagitUe.     ^t^^| 
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3,  Wti  double  lUe  iierind,  aod  call  it  142  JDsteftd  nf  71  daj 
atar  lai^hb  rank,  despite   ita  vagarie.'*.  lia   an  aaalogue 
yrifi  and  K  Sagitbo,     For  a  eubordinat43  minimum,  plaoc 
vray   between  two  Traxima^  is  a  feature  ccmmon  to  a 
ie,  thoii<*b  the  other  ciroamflt^neefl  of  variation  are  in  eac 
widely^    dilfersnt.       Such    i^eumlnljLiiceH    !□    the    midftt 
TH\iy  are  extremely  perplexing  to  students  of  stellar  li^ 
age.     The  aitnilaritj  of  pome  of  the  phenomena  auggeete 
t>r[ii  pnneiplo  of  explanation ;  but  the  attempt  to  extend  i 
iciitioQ   aoTvea  cnly  to  undermine  the  credit  it  original 
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poeeosBod.     I'he  ocHpse  mtioiULle,   for    example,  suite  ^  Ljne            ^^M 
paesihbiy  weJI,  and  might  be  accommodated  to  tbe  l«ee  equable            ^^H 
pha^e  of  R  Sagittaj,  bnt  is  wholly  inconjpatibk  with  the  dis-           ^^H 
onlered   fliittiiationa  of   K    Si^utl      Tills,  liawever,   in   view   of            ^^H 
th^  fimdftmental  refiemblance  to  thoee  of  the  accnratelj  van-           ^^H 
able  ator  in  the    Lyre,  raixfi  the  i^uestioQ  wh<^tber  cclipacs  oaii           ^^H 
te  regoidod  as  occurring  ia  the  one  caee,  wh&D  they  assuredly           ^^H 
do  not  occur  in  the  other.     Over  and  over  agnin  tbis  difQculTy            ^^H 
preB^DtB  itself.      No   theory  i^eeniH  eluutit:  enciugh   to  \iSAr  tbe             ^^^| 
Rtniin  pLEt  iipou  it  liy  tht;  v^nety  of  the   fhcis.      Each  member            ^^^| 
of  a  group  of  related  staia  adds  its  quotA  to  the  burthen  of           ^^H 
explanation  to  be  bome :  until  finally  tbe  breaking  point  is           ^^H 
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^^L                                     Puj.  40.— Loa^uidfiliorillvdjiiaorDGeinJBDniiJi,                                                      ^^^| 

M        reached,  and  &  coJlapee  ennuea,  leaving  the  ground  encnrabered            ^^| 
I        inth  the  ddbria  of  the  original  Bpcculation.                                              ^^H 
1               R  Scuti  might  usefully  be  niude  the  Bubject  of  detailed            ^^H 
1        spectrographic  investigation.      Bright  lines  shine  in  the  blue            ^^| 
1        Hud    violet   sections  of   its    light  j    but    they  havir    not  been            ^^H 
1        identified,  and  the  Jlutings  a&aixiated  with  them  appear  ill-            ^^M 
1        pronounced,  or  even  subject  to  efiacemeat.                                                ^^M 
1              Ab  a  o.urioBity  of  the  skies,  K  Scuti  is  much  outdone  by            ^^M 
1        a   small    star   in  Gemini,  the  abnormal    hebavicur  of  which            ^^H 
1        was  noticed  by  Hind  in  IS55.     Habitually  tranquil  at  13*1            ^^H 
1        ninijmtude,  U  Gfimiuorum  riAes  with  nma^iji}^  celerity  to  near           ^^H 
1        the  ninth  once  in  two,  three,  or  fuur  mouths     A  leap  upward  of           ^^M 
1        nearly  four  magnitude.^  ia  often  accomplished  in  a  single  day,            ^^M 
1        and    that  withcut    preliminary  fluctuations.     The  descent  i&           ^^M 
1        always  much  slower,  but  along  a  very  cliangeable  curve.     Two           ^^H 
1        types    of   maximum    are    shown    in    Fig   40.       In  one,  the           ^^H 
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eptBodb  of  tnri^teikiDg  occupies  fifteen  to  tw«a^  ^7s>  m 
ibe  other  ic  is  terminated  in  nioe  or  leo.  And,  ftd  h  nib^ 
th^y  ajtemate  one  wicb  the  other.  Nothing,  indeed,  is  cerULin 
aboat  thiH  td&r  ejccepL  iLe  uncertaiatT.  "  FredictiociB  in  n^aid 
to  it "  Mr-  ParkhnTBt  concludK  from  hifi  expeneoce, "  CAn  be 
better  made  aftor  ihe  faot,"  ^  The  grttMt  light  vftnee 
S-9  to  97  maguitTiie;^  the  lc«i6t  to  b  nther  Ivgw  fixtsni.' 
ThoB  ocL  28th  February  and  26th  March  1897  the  star  must 
have  been  below  fourteenth  magnilnde,  «Dce  Father  fii 
lost  Might  fif  it  with  the  twelve-iniih  iwfractur  of  the  Georgel 
College  Obeerv&tory.'  No  relation  is  perceptible  between  the 
nmoont  And  the  durattoo  of  change ;  long  ^knd  short  maiimA  aiw 
indifierentlj  high  and  low.  They  are  bcklc.  l«o,  in  their  tinwH 
connections.  The  period — if  it  con  be  called  a  period — m^j 
he  as  abort  as  71.  or  aa  long  aa  126  day^  Their  no- 
puncrtuality  ajiart,  the  ehangea  undergone  by  U  Gemiinjruni 
be^  a  strong  resemblance  to  those  of  cluBtei-v&TitbleB.  Hien 
are  the  same  relatively  prolonged  iutorvala  of  repoec,  followed 
hy  Tehement  spaaina  of  uctivity,  beginning  uhruptly,  dying  ont 
gradually.  It  will  be  of  much  interest  to  inquire  whether  the 
raya  of  objects  so  singolarly  ard  so  similarly  affected  approii- 
mate  to  nuifonirity  in  <jualily-  T)io.s«  of  17  Gt^minoruju  are 
in  colour  dull  bltiiah  white;  they  give,  ftccoiding  to  Pickering 
and  Copalaud,  an  ordinary  ooutinuotia  spectmm.  StiU  it  is 
pofflible  that  peculiaritiee  might  be  revealed  by  special  scrutiny 
with  powerful  inatruinenti 

V  Cremicorum  ranked  a8  a  uniijue  object  until  S'  Oygni  wa* 
diacOTered  Misa  Louisa  D.  Wells  in  139S  traced  the  fluctua- 
tions of  the  latter  on  the  Harvard  jjlales  from  7'2  to  below  11-2 
magnitude ;  and  the  shortncea  of  their  apparent  period  of  forty 
days  combined  so  unusually  with  their  wide  range,*  that  they 
inimeduiiely  bet^Jime  a  cynosjre  for  observers  in  that  branch. 
The  more  cloaely  tliey  were  watched,  the  more  nearly  they  were 
found  to  conform  to  tho(«  of  Hind's  variable.  In  both  stars, 
stationary  minima  are  interrupted,  at  intervals  not  wholly 
irregular,  by  sudden  ascents  ef  threo  or  four  magnitudes;  and 
fta  In  U  Geminomm,  so  in  S*  Cygni,  long  and  short  maxima 
are    cwupled    together    in    pairs,    yet    by  no    invariable    law. 

■  Pop,  AMr.  vol.  V,  p.  I6i,  ^  YbuJcHh  tbvt.  ^  17. 

'  AMf^  J^Htn^  No  too,  <  Pii!kflrifL^  JifripA.  Joum.  ral.  Iv.  f.  370. 
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Breaks  in  the  ttlterndte  auocesaion  have  beeu  in  each  case 
recorded.  In  Mmvh  nod  April  1897,  for  inatanca,  S^  Cygni 
rose  to  consecutive  sliort  niUKima,^  and  u  pair  of  long  muxiiua 
aguin  marred  tlie  ihythmkal  flow  early  in  1900-  The  curve 
for  a  double  period  ie  reproduced,  from  s,  drawing  by  Meeaia. 
Parkhuret  and  DnnieJ,  in  Fig.  41.  They  cjomment  on  '^  the 
sharp  turn»<  in  tlie  curve  at  Ihe  bt?[jiEJuiug  and  end  of 
maximum  "  a«  being  "  iieculiar  to  this  type  of  variable."  '  which 
they  judiciously  usainiilate  to  that  i^revalent  in  cluaterfi.  The 
mean  period  of  about  fifty-seven  days  attrilmted  to  S-  Cygni  baa 
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a  wida  margin  of  uncertainty.  The  interval  from  one  imisimuui 
to  the  next  may  he  curtailed  to  tHrty-eix,  ot  expanded  to 
flixty-ihree  days,  and  that  without  traceable  plan  or  method. 
Eevolution  in  an  orbit  i^  becu;  absolutely  excluded  from  among 
the  possible  caneea  of  light-change.  An  hypotbeaia  propow?d  by 
M.  Hartwig  of  Bdmberg  ^  merely  illustrates  tbc  baflling  nature  of 
the  pL-oblem  !%t  by  this  stai:  He  auggeete  that  the  maximri  are 
oceasionGd  by  the  brief  kindling,  at  periaatron  passajje,  of  a 
satellite  pursuing  a  highly  eccentric  path.  The  irregularitiaa 
of  the  period,  be  Lhinka,  may  he  accounted  for  by  a  rapid 
gyratiou  of  the  line  of  apsides.  The  blazing  of  "  new  "  stars 
is.  in  hia  view,  an  amiloi^oue  phenomenon;'  but  new  stara 
exhaust  theti  energy  in  a  single  display,  white  the  variabloe  in 
Gemini  and  Cygnus  seem  to  have  a  limitleris  power  of  recupera- 

■  PnrkhDrBt,  Pap.  AMr.  lalj  lOOD,  p.  313, 
'  Atiroph.  Jaurn.  rot  tn.  p,  263, 
'  VitrCtijahT3ichri/t  ^tir.  f/ta.  Joltr^DK  ^'^*'-  P'  '^1^' 
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tiutL  The  light  of  5-  Cygui  U  Uoged  with  blno ;  noUiing  hM 
been  published  rcf^arduig  its  «pectrum- 

AlLbough  oarrow  in  ran^  [4'6  to  5'4  magDiUlde),  the 
v^uiutions  of  v  Herculia  are  uoBorpasBed  i&  aiiigulantj'. 
Recognia»1  by  Schmidt  m  1872,^  they  have  proved  Lo  he 
■  irr^ularly  periodic";  their  tendency  U:>  pnwerve  definite 
ttme-relationB  appears  to  be  coDtmuallj  reaiBted  and  aometimej^ 
orerboroe  by  countervailing  induencea  Occaeionally  Uiey  con- 
form approxuuut«ly  lo  a  forty -day  cycle,  then  break  loose,  and 
become  for  a  time  utterly  iawleaa.  The  minima  are  aCC^oded 
by  eitruordjuary  fliK^tuatioud ;  the  maxima  are  nonoallj 
traoijuil-  The  «tar  woa  marked  "  red "  td  the  Oa^ienliagED 
Cat^logut\  but  is  DOW  pale  yellow,  and  abows  a  heliniu 
spectrum.     Scant  attention  has  of  late  been  beetowed  upon  iL 

A  M)uLhdni  fitar  noticed  by  Dr.  A.  W.  Roberte  *  in  1S91 
to  vary  from  6  8  to  S'O  mugnitude  in  a  period  of  3S^  dayg, 
IB  n^markablo  for  its  phenniuenally  quick  rise.  Only  5i 
daya  are  needied  for  the  tripling  of  ita  light,  while  thirty- 
three  eUp^  during  the  corresponding  enbsidence-  HencOn  if 
the  average  ratio  for  Copheid  variables  of  the  times  of  inereaae 
an[)  decrease  bold  good  for  U  CannEe,  it9  period  would  at 
once  be  abridged  to  eighteen  days,  and  there  could  be  no 
uiisbake  nbout  Jt8  TUMmbership  of  a  claw  to  which  it  in  al^Mated 
by  tlie  type  of  its  variatioufi. 

The  periodicity  of  R  Lyne,  delected  by  Eaxendell  in  1856, 
often  much  porturbod,  i&  never  wholly  effaced.  Argelander 
fbund  it  to  be  comprised  within  forty-eight  days^  which  Schoufeld 
reduced  to  forty-six^  jet  in  1872  Schmidt  considered  it  un- 
certain between  the  limils  of  thirty  and  sJ^Ety  daja.^  Pzinne- 
koek's  LatroductioQ  of  a  periodic  term  for  it«  regularisatiou  * 
can  be  reckoned  only  a  temporary  expedient.  The  oaciUetioD 
ifi  of  BtnaU  amplitude,  from  4'0  to  4'7  magnitude,  but  two 
Htriking  outburst?  of  light,  witnessed  by  Sawyer  in  November 
1884,^  imply  esnantial  infltability.  Tbe  si muldaoeous  develop- 
ment of  eiiiififijon  -  rayH  might  po:4Hibly  have  been  observed 
had  a  (frismatic  eye-piece  been  at  hand;  but  no  apectroflcopjc 


'  AttT.  Nndt.  Nob,  2075,  2420.  24»1.  'JA92. 
■  Mir.  JotAn.  KoB.  4U1,  492  (IBOl).  *  Antr.  Nitdi.  No.  190*, 

*  Joum.  Jtrii.  AAr.  AfiKe.  tqL  t,  p.  'idS. 
■  Pickflriaff,  /Vm.  Aner.  Afad.  ToL  jiu  p.  iOfl. 
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examinatioii  vraa  iea.aible  at  the  critical  moments.  OrdiriAjily, 
tho  star,  which  is  deeply  tinted  with  orange,  givea  h.  BUporb 
colonnaded  apactrum  unmarkcii  by  bri^^ht  lini)s< 

Periodic  cannot  be  sharply  di9tinguifihe<l  from  irregalar 
varifi-bles.  Stara  oF  an  intennediute  character  are  quite 
common.  Some  degreti  of  pretirtion  in  tlmnge  may  even  be 
temporarily  maintained  by  objects  eyentually  found  to  be 
cminoQtly  anmethodical  in  their  modes  of  procedure.  Sach 
aie  a  Hereulis,  a,  Orion  is,  and  ^  Pegaai.  Each  aeeumed  on 
first  aoquttlntance  a,  false  air  of  gubmissiveneea  to  a  time-lav, 
which  each  very  soon  laid  aside.  Their  Qiictiiabions  rather 
exceed  half  a  magnitude,  and  are  iitoluJed  in  an  iadeter- 
nunate  number  of  niontha;  their  progreaa  can  in  no  wise  be 
anticipated.  Similarly,  stars  credited  on  historical  grounds 
with  extremely  long  periods  have  of  late  paid  not  the  eroallost 
regard  to  them.  An  instructive  example  is  m€t  with  in  K 
Cephei,  Catalogued  by  Hevelins  in  the  seventeenth  century, 
and  by  Groombridge  in  1837,  as  of  the  fifth  magnitude,'  it 
thereafter  lost  light,  and  in  1S40  had  sunk  to  the  tenth 
magnitude.  Collating  all  the  avoilablo  data,  Fogson  iu  1856 
SfiBLgned  to  the  diminished  star  a  period  of  seventy-three 
years,  and  predicted  its  restoration  to  naked-eye  visibility  in 
1880.*  But  the  prediction  remains  unfulfilled ;  the  obecurity 
of  E  Cephei  aeema  liJcely  to  be  permanent. 

At  Potsdam  in  1898  MM.  Miillcr  and  Kempf  noticed  a 
rtar  in  Pereeua*  as  variable  io  an  unprecedented  fafthion-' 
After  an  indefinite  tenn  of  constancy  at  6-3  maf^itude,  it 
began  in  1892  to  decline  at  the  very  slow  rate  of  one-eighlh  of 
a  magnitude  yearly,  and  coutiniieU  to  do  ho  for  eix  yeoi's. 
The  counter -process  waa  comparatively  rapid-  In  twenty 
months  the  object  had  regained  its  former  etatus,  so  that  the 
Gompleto  oscillation  occupied  7jS  years.  This  time,  however, 
there  was  no  long  stationary  maximum.  Already  by  the  end 
of  1899  lading  had  made  some  progress;  but  it  remains  to 
be  Been  whether  any  true  periodicity  can  he  establishetl. 

A  period  of  five  yeers,  ascribed  by  Mr.  Eapin  to  63  Cygni. 


*  8ehi>nfeld,  MannheiWff  JahrafirriehU,  BJ.  nL  p.  Ilfl. 

'  Monthly  ^»tiav.  vol  ivii.  p.  33. 

'  B.D.  +  SH"  S9l,  now  known  bi  X  P«r*eL 

*  Attr.  JwTJi.  Not.  134.  4^2  ;  JUr.  A^ach.  Nt>.  Ul'^ 

24 


370 


PEOBLEMS  IN  ASTKOPHYSICS 


has  been  r&ject«d  on  further  experience  of  fluctuations  du- 
tinctiTely  capriuioua.  Miiny,  perhapu  moat  i^  stars,  ore  aa- 
stoible  Ui  the  extent  of  half  n  magnitude ;  nnd  ^3  Cygni  is  a 
veiy  led  star.  The  fact  that  it  is  one  and  a  half  magnitadee 
fainter  chemioaljy  thoa  visually,  Bupplida  a  kind  of  measure 
for  the  intensity  of  ita  colour. 

The  einpirtcal  role  that  irregularity  gsiits  more  and  mere 
the  upper  hand  with  increaaing  leugLh  at  period  ^  is  illastrBted 
by  S  PerseL      ludea*!  the  ord<-r  r^f  succeaaion  in  the  chaugea  al^ 
this  object  is  by  no  means  satififactorily  aauertained,     Safarik 
and  Hagen*  hold  them  bo  be  rudely  periodioal  tn  about  two] 
and  a  third  yeatfl ;  but  moet  other  observers  prefer  to  conad* 
th&m  as  entirely  irreguUr.'     Their  range  though  wide,  ircio' 
near  the  aeveuth  to  the  thirteenth  magnitude,  is  aeldom  com- 
pletely traverHtiU.     Experience  alone  can  decide  whether  the 
rudiiaentarj    method    traceable    in    these    variationa    during 
fourteen  years  previous  to    1894  will   continue   to  regulate 
tbom   in  the   future.      Phaaes  so   unpuntjtual    are    liable    Ut 
eflacement.     Quit*  poaaibly,  the  aeiual  instability  of  S  Persd^' 
repreaents  a    more    or    less    transitory  state,  which   may  be 
succeeded  by  ore  of  approjcimate  constancy  in  shining. 

The  most  illuatnooa  of  casually  variable  stars  is  it  CarinEe> 
formerly  designated  fj  Aigfta.  I^'utilo  attempie  have  been  made 
to  acooromodate  it  with  periods.  It  has  none.  It  is,  in  the 
full  aeuBe  of  the  term,  irregular-  Its  chan^'es  are  perhaps 
modifieii  by  inQuences  of  an  unimagiTiable  nature  connected 
with  the  vast  surrouuding  nebiila.  But  tboHe  indueni-'Qa  un- 
doubtedly act  upon  a  body  of  inherently  pecuhar  constiCutioiL 
The  spcctrmu  of  ij  Carioro  is  of  a  kind  associated  in  every  other 
known  instance  with  absolute  whiteness.  It  resembles  that 
of  P  Cygni;*  many  hydrogen  and  helium  lines  are  brightdned 
in  it,  yet  the  star  sbowH  the  colour  of  a  Mjra-varial 
Whether  this  was  always  so  or  not,  we  have  no  means  of  deciding;' 
The  first  note  of  a  distinctive  hue  in  the  southern  wonder-star 


"  Safirik,  JtmrtL  Bril-  Aatr.  Jaoc  toK  ii-  pv  aflS. 

=^  Jr&.  IftuJu  No.  soil.  >  Adr,  Jt/um,  Jfo,  ftSl. 

<  Vink,  JauTA.  BrU.  Astr.  Auoc  td1&  ix>  p>  260  ;  i.  p.  \t^, 

^  Uiaa  Cmmau  found  indiutioirii,  m  tlis  iticatnjo  of  17  CHTiDe.  <jf  a  coq' 
pueite  Drigia  frain  \  mIlt.  «iid  a  hriflit-lijie  hdlnm  BtHT.  ffarasrd  A^mU*.  tdK 
xxTiii.  p.  l?fi.  air  DftTid  Gill  nconled  nnniemiiJi  B|>«Q[ial  coJncideani  bftt«*«n 
tho  aoutJiem  vurinbln  knd  Nan  jLarigic,     MoiUUy  Actica,  vol,  \mL  p-  \6€t 
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wfta  made  by  rmm  Smjth,  Ist  January  1846,  when  he 
announced  from  the  Cnpe  a  licsh  increase  in  it6  light  For  a 
month  back,  he  wrote,  it  had  been  brighter  than  Canopns,  and 
very  red'  Then  in  1850  Gilliss  found  it  to  outmatch  Mars  in 
depth  of  tint  j  and  Thanii}  de«Tibi*il  it  in  1887  ha  of  a  "dull 
si^arlet "  paBaiug  Liito  "  bright  onmge  "  Juring  a  alight  temporary 
rise.  The  history  of  this  atar  is  familiftr  to  most  of  our  ruidora.' 
It  need  not  here  be  repeated.  One  fact  in  odditiou  to  thoee 
coirently  stated  may,  however,  be  mentioned.  In  hie  etai- 
raapa  of  1603,  Bayer  marked  i?  ArgQa  as  of  the  second 
magnitade,  probably  on  the  authority  of  Petnis  Theodonia  of 
Embden,  who  navigat>ed  the  ludlfin  aeaa  1594  to  1596.  The 
variable  was  then  equally  bright  in  the  aixteeoth  and  in  the 
eighteenth  oentuhcBj  and  itB  comparative  inBignihcance  whan 
Halley  placed  it  in  the  fourth  rank  was  due  to  a  merely 
transient  decline.  Whetrher  the  splendour  of  its  beame  has 
ever  before  been  so  completely  fihorn  away  as  ib  is  now,  might 
be  questioned.  £:(cefi6ea  entail  exhaufltiou,  and  the  flaring 
maximum  which  culminated  in  1843  was  followed  by  a  re- 
active sinking  towards  the  ashea  of  extinction.  Since  1SS6,  as 
the  observations  of  Firday,  Innes,  and  Koberts  testify,  the  star 
has  wavered  between  70  and  77  magnitude,  and  no  aign  of 
its  speedy  restitution  to  brilliancy  is  perceptible.  Its  future  is 
beyond  divioation.  The  present  miniumm  may  be  indefinitely 
prolonged,  but  further  change  is  more  likely  in  the  caee  of  bo 
ruddy  an  object  Another  great  outburet  cannot  indeed  be 
reckoned  upon  even  for  a  remote  age.  A  "temporary" 
character  may  so  far  belong  to  ij  Carime  that  Us  biography 
will  iui^ludc  but  one  absolute  maxhuutiL  The  star  is  aeusibly 
devoid  of  proper  motion.'  Its  distance  from  the  earth  must 
accordingly  be  prodigioua 

The  capricious  disappearances  of  It  Ooronte  eurprised 
Pigott  in  1795.  Usually  of  about  the  sixth  magnitude,  the 
star  is  liable  at  any  moment,  without  note  of  warniug,  to  drop 
to  the  thirteenth.  The  intervals  of  maximum  lusbre  aonietimes 
last  for  years,  One  extended  from  1817  to  1S24,  another  &rom 
1843  to  1845.^     But  in  the  last-named  year,  and  again  in 

'  MmiMtf  NaUt^,  vol.  tL  p.  «4>  ^  Sytlem  of  the  Start,  p.  116. 

'  Aatr,  Jfi^.  NoL  6:ii,  7^6,  fiCO. 
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1852,  B  CoroQEe  vaoiahed  from  riew  with  Argdander's  comet- 
oocker,  Training  bri^btn^^  oa  each  occosioa  slowly,  luid,  as  it' 
were,  witU  difficulty.  Of  late  its  desoenU  havo  been  t^as 
profound,  Schmidt  observed  a.  miuiiuuni  &i  twelfth  !iiag7ii- 
tude  in  August  1883;^  Sawj^r  recorded  on  13th  Octobsr 
1885  one  arrested  Jit  7'4  magnitudf^.^  Having  been  visible 
to  the  naked  eye  nearly  throughout  1893,  the  star  aank  to 
the  uiuth  m^nitude  about  7th  March  1894,  and  aft^  an 
intermediate  partial  recovery,  to  10 "25  on  lal  August.*, 
By  the  end  of  tJit:  year  the  ph/iae  of  instability  seemed 
to  have  terniiuut^d.  These  lawless  fluctuations,  taken  in  con- 
nectioD  with  the  extraordinary  spectral  changes  ascribed  ti;>  it, 
render  thie  object  one  estuptionally  inviting  lo  careful  study, 

Aji  analogue  to  it,  but  with  a  much  narrower  range  of 
mutability,  is  the  lucid  white  Rtar  e  Auriga  Ordinarily 
of  the  third  umgiiibude,  it  fades  ut  long  and  uiiceTtain  intervjila 
to  one-quarter  of  this  brightness.  One  such  diminution  was 
observed  by  Heia  in  1S47;  another  by  Schmidt  in  1975*, 
There  is  nothing  in  the  quality  of  the  light  to  account  fc 
theiLL  The  spBctrum  ia  modelled  on  that  cf  Procyon,  only 
with  an  inct«afle  of  definiteneaa,  and  marked  dift^ncea  of 
relative  intensity  in  the  lines.* 

The  vicissitudes  of  T  Tanri  derive  special  intereat  from 
their  presumable  connection  with  those  of  a  group  of  nehulfc. 
Discovered  by  Hind  llth  October  1852,  it  dwindled  during 
fifteen  years  from  tenth  to  twelfth  magnitude  pari  passu 
with  the  fuding  of  the  adjacent  "temporary"  nebula,  but 
attainetl  lii  Martjh  18GS  a  second  and  higher  maximum, 
Doincidently  with  the  brightening  of '^Strnve'a  nebula,"  another 
member  of  the  collection.  Again  it  declined,  and  wae  left 
unnoticed  from  1377  until  Buniham  and  Barnard,  directing 
the  Lick  thirty-qix  inch  to  its  place  in  October  1890.  per- 
ceived it  as  the  fuint  nucleus  of  a  entail  condensed  nebula,*^ 
whieh  four  and  a  half  years  later  survived  only  aa  a  feeble 
glow  round  the  almost  extinct  variable.  The  glow 
resolved  by  th<^  Verkea  refractor  into  a  little  wisp  of  nebu- 

^  Gore,  Jirvi^  Oal.  if  far,  Sfar*.  1889.  •  Aatr.  Jmrm.  No.  IM. 

'     '  K.  GonlCT,  Aternoirt  BrU.  Artr.  Aaoc  tdI.  r,  pt.  iL  p,  32. 

'  JgtT.  NarA.  No.  370J. 
"  A-  C.  Maury,  Harvard  Annoit.  voL  rtvm.  p.  "W. 
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losity,  attached  bmeh-wifle  tn  the  stai;'  and  partial  impresfiiDne 
of  it  came  out  on  plates  exposed  by  I'roteasor  Keeler  for  four 
hours  with  the  Croeeley  reflector,  6th  and  29th  December 
1S99.^  "Can  it  be/'  Professor  Barnard  aeka  in  surprise, 
"  that  the  fltur  becomes  eaaentisUy  a  nebula  as  it  aiuke  id 
light  ?  "  The  question  goes  to  the  root  of  wisinic  relations, 
and  it  IS  raised  under  more  tlian  ooe  aspect  by  inve^tigalion!) 
cf  ateUar  variability.  The  associations  and  transformatioua  of 
T  Tauri  are  hence  of  profound  flignificance,  and  should  be 
diligently  supervised  until  they  can  be  linked  together  by 
some  rational  principle  of  cauaatickn. 

Trregular  variability  ha»  a  wide  and  indeJiiiit'e  reach.  It 
includes  changes  almutit  instJintaneous,  uud  c^baugea  well-nigh 
millennial  in  their  development  The  light  of  certain  atara 
has  undergone  a  alow  aecular  dev^line.  A  noteworthy  instance 
is  that  of  $  Eridani,  identical,  as  Dr^  Anderson  has  con- 
clusively ahown,'  with  Ptolemy's  "Last  in  the  River'' (the 
Arabic  ^Jifrnar),  the  title  and  honour  of  which  have  been 
usurped  by  the  more  southerly,  and  now  far  brighter  a  Eridani. 
Al-Silfi  in  the  tenth  century  reckoned  9  among  the  thirteen 
brightest  stars  visible  iu  Imk;  and  it  waa  atill  of  the  first 
magnitude  in  1437,  the  epoch  of  Ulugh  Beigh's  Catalogue. 
Yet  it  had  aunk  Xg  the  third  when  Halley  visited  St.  Helena 
in  1677,  and  of  the  third  it  still  reniains.  Two  other  stare 
which  have  undeniably  faded  with  the  lapse  of  centuriea  are 
0  Leonia  and  B  Ursfie  Majoria/  and  their  fading  may  even 
now  be  imperceptibly  progressing.  Nor  is  their  eventual 
restoration  by  any  meana  assured,  AccessiouB  of  lustre  are 
i>irer,  and  often  tranaitoiy.  On  6th  August  1868,  S3  Urss 
Majoria,  aaixth-magnltudestarnearMi/Ar,  wasaeen  by  Birming- 
ham to  be  the  equal  of  I  Ursie;  though  for  that  night  only. 
The  ne^t,  it  hod  visibly  gene  off,  and  before  long  the  whole  of 
ita  added  eplendour  had  departed  lis  amount  was  very  con- 
siderable. The  atar  attained,  during  its  unexplained  rise,  to 
threefold  its  cuBtoniMry  lirilliancy.  One  of  Buruham's  close 
pairs,  i  Virginia,  underwent  in  1836  a  similar  phase.  Thia 
was  before  it  was  known  to  be  double,  ao  that  our  curiosity  aa 
to  whether  both  the  nearly  equal  compoaeuta  shared  iu  the 


>  Mmihlif  NoHtts.  To[.  lix,  p.  374, 
'  S'»«itjlcd^f-t  vqL  ivi.  p.  124. 


■  Ihid.  vol.  Ix.  p.  4S5. 

*  Goto,  &id.  toL  xxii  p>  17IL 
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brightening  remaiuB  ungmtilied  Red  etatB  not  iurt^uently 
drop  abni{]tly  to  a  lower  rank.  Tbua  tlie  Danish  aatrouomei 
Torwald  Kdfcl  bad  for  yeara  obaen-ed  B.D,  +  20'  1083,  in 
the  constellation  Taurue*  ae  of  77  magnitude,  wbon  en  22nd 

J&nuaiy  LS9S  be  was  taken  aback  to  6nd  it  not  much  above 
the  nintbJ  Sixty  per  cent  of  its  rays  had  been,  as  a  con- 
fiequence  of  some  inexplicable  collapse  of  eneigy,  aubtracted  or 
fiiippreaacd.  A  step  towards  the  bourne  from  which  there  is 
no  returning  may  be  taken  in  aoch  caeea.  Stars  vanish,  but 
they  Bcldorn  or  navGr  reappear.  Yet  renovation  plays  its  part 
no  lese  than  decay.  Waning  atars  Imve  their  correlatives  in 
waxing  atara.  Alcor,  the  Eider,  and  Becetnasch,  the  third 
Horse  of  the  Wmih.  are  among  these.  Follnji,  too,  BetonH  to 
have  bettered  ita  position,  and  Alcyone  is  far  more  pre- 
dominant than  of  yore  in  the  Atlautid  famUy.  Night's  robe 
will  still  be  profuecly  spangled,  even  though  a  few  of  its 
gems  grow  dim. 

■  JaCr.  Jiadu  Na  Bin. 
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A  ^EMPOEART  wlar  is  a.  variable  that  rises  shesT  from  profound 
obecurity  to  ot  amgle  mfLxiTnuia.  The  maximum  may  be 
prolinged  or  multiple,  but  it  must  be  eaaenlially  one.  The 
oecuTPence  of  &.  aecond  indtipecdout  outburst  ■would  at  once 
ralf^te  the  object  tc  the  category  of  irregular  varijiljleg.  The 
distbctioD  is  jierbajis  urhiLriLry,  IniL  wa  can  otily  investigate 
by  dviding.  It  will  be  liest  to  plunge  at  once  iu  fnedtas  rts 
vnth  soma  account  of  an  apparitioa  which  attained  to  epochal 
imptjtanoe  through  the  c^cacy  of  photographic  mclhode  of 
I'eaeafch. 

JTnva  Auriga  spning  into  conspiciiouanefis  with  the 
Btealiby  ejieetl  of  Jack's  BaitjaUlk,  Or  Sth  Decemlier  1891 
Dr.  Max  Wolf  look,  at  Heidelberg,  a  photograph  of  the  iky 
rouid  X  Aurigie.  abowing  atars  Ijd  tbe  ninth  mflgnibude.  The 
Novi  wae  not  among  them  \  the  epot  destined  for  ita  occupa- 
tioD  waa  vacant  Forty-ei^ht  houre  later^  as  a  Harvard 
negrtive  attested,  a  fifth  magnitude  star  filled  the  bknk.  By 
20Cl  January  1892,  twelve  rfcords  of  this  Htnuigf^r'fl  jireflence 
wen  included  in  the  same  series;  but  inadvertently,  for  the 
docnments  were  stored  up  unread,  und  it  was  only  through 
their  eubaequent  examination  that  n  maximum  of  4"4  magni- 
tude was  inferred  to  have  taken  plac«  on  2Cth  December. 
During  nparly  two  months,  then,  n  new  star,  readily  visible  to 
the  flaked  eye,  shone  unnoticed  in  the  heavenH.  It  wae 
finally  perceived  by  an  amateur,  Dr.  Thomas  D.  Anderson  of 
EdiibLirgb,  and  an  anonymous  post-card,  by  which,  on  1st 
February  1892,  ho  conveyed  the  news  to  Dr.  Copeland. 
fbnted  the  startmg-point  of  widespread  astronomical  activity. 

in 
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The  flpectrum  of  the  Nova  was  promptly  photographed  at 
TuLbo  Htllj  South  EeueiugtoDj  Stony  hurst,  Fctfidom,  and 
Mount  HfimiUon  ;  eager  study  was  devoted  to  its  implica- 
tiona;  luid  they  were  of  ft  most  unexi«cted  kind  For  no 
previous  stellar  apparition  had  been  anali/Hcally  recorded  \ 
and  the  aimilixr  spectral  pheLomena,  douhtleoa  present  it 
Nova  Coioam  aad  Nova  Cygni,  eluilod  di^fiuite  dcteinuijatioi 
with  the  eye.  But  when  the  turc  of  Nova  Auri^  came,  toe 
epwtrcgraphie  method  was  effectively  at  hand,  and  '.ha 
jii!c;uliiiritieB  of  itfi  light  coidd  lie  rendeiwi  obviourt,  saliect, 
and  permartent.  Some  of  them  were  indeed  visually  ma^i- 
ieBt.  The  Bfiectrum  waa  at  onue  seen  to  blaze  with  bright 
Lqob,  nmny  of  them  greatly  widoned  (soo  Plate  XVll,};  ^^^ 
nearly  all  came  out  photographioally  aa  attended  by  atDDg 
dark  coinpanions  on  their  more  refrangible  sides.  Tte  eilire 
hydrogen  wriea,  from  crimwn  C  to  the  laat  of  ita  ultra^volel 
asfiociates,  waa  bhua  doubled,  no  less  thaji  the  pre-emiient 
calcium  pair,  the  ecdium  D,  and  a  considerable  nmnbff  of 
linos  eiuce  idontiiicd  as  originating  from  helimn.  An  ex- 
ceptional feature  was  the  predominance  of  "green'*  heUim: 
D^  and  the  rest  of  the  lines  belonging  to  the  "  yellow  *  set 
were  comtmratively  faint,  whilft  \  4922,  \  501G,  and  *heir 
fundamental,  X  6578,  ahone  luetroualy.  Their  superiirity, 
never  before  observed  in  the  apei:trum  of  a  heavenly  tody. 
reeultB  in  the  laboratory  from  heightening  the  exhaiiSlon 
of  the  emitting  gas;  but  thia  eonditiou  seemed  to  be  exclided 
in  Nova  Aurigie  by  tlie  diatended  aspect  of  rays  uamistakibly 
proceeding  from  a  more  than  ordinarily  condemned  atm^eirlene 
atratum.  Unpi^ecedentcd,  likewJBe*  was  the  dmulbantoua 
brightening  of  the  three  D-line&  No  Btollar  spectrum  nre- 
vioualy  observed  had  ahown  the  action  of  sodium  otherwise 
than  by  abeorption.  Both  oharacterifitics,  it  is  true,  may  lave 
been  present  in  earlier  Novje,  but  they  first  arrested  atten^kOD 
in  Anderson's  st&r. 

These  novelties,  curious  though  they  were,  aauk  naveithdees 
into  insignificance  compared  with  one  dominant  tmit.  This 
was  the  large  opposite  dieplacemonte  of  the  bright  and  caxk 
Bets  of  linea.  Contrary  motions  of  prodigious  velocity  appeired 
to  be  indicated,  and  for  a  time  their  prevalence  was  lakei  to 
be  iucontrovertibly  attested.     The  outburst,  by  a  conAensm  of 
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opinion,  Tesiilt«d  from  tliB  appma^^k.  and  inte^Tated  the  liglkt  of 
two  com"ponent*i,  one  a  briglit-liue  sljir  njcfidiig  from  Llie  emtli 
at  the  rate  of  about  230  milea  a,  second,  tha  other  a  daxlt-liiie 
8tar  hurrjing  towaids  it  with  a.  apeed  of  320  miloa.  Soon, 
however,  inooogruitioa  began  to  develop,  mid  they  grew 
and  multiplied  as  time  went  on.  To  begin  with,  the  spectral 
ahiita  underwent  no  alteration ;  the  movements  indicated  by 
them — if  they  did  Irulj  indicate  niovementp — peraiated  with- 
out abatement  ds  the  bodiea  animated  bj  them  withdrew 
from  each  other'a  vicinity  to  n  dintance  greatly  exceeding  that 
cf  Neptune  from  the  sod.  Now  velocities,  to  continue 
uniform,  mml  be  inherent ;  that  ia  to  my.  they  eannot  represent 
the  merely  temporary  effects  of  gravitational  pull,  since  orbital 
acceleration  is  strictly  balanced  by  retardation.  Evidently, 
then,  the  components  of  Nova  Auriga^  did  not  aimply  fall 
t<^theT;  they  Bhould  hdve  been  fabulously  massive  to  have 
produced,  by  their  mutual  attractioD  fiom  infinity,  a  speed 
which  continued  at  the  rate  of  550  milee  a  second  three 
months  a^ter  E^he  periasti^l  iiish-past,  the  date  of  wbich 
preaumubly  coincided  with  the  first  rise  to  brilliancy  on  10th 
De-ceoiber.  Professor  Seeliger  of  Munich '  calculated  that 
15,000  times  tho  eun's  gravitative  power,  at  the  very  least, 
must  have  been  at  work  if  the  orbic^  traversed  were  parabolic; 
and  the  extravagance  of  the  estimate  sufficed,  aod  was  de- 
sigoed  to  conipel  its  rejection  Hyperbolic  motion  was 
acccrdingly  reeorted  to ;  the  encountering  bodies  brought,  it 
was  suppoaed,  their  own  velocities  with  them  from  the  fejtheet 
bounds  of  epacc;  and  they  were  of  so  high  on  order  that 
tbe  increments  due  to  mutual  gravity  left  them  sensibly  un- 
altered.  A  pair  of  "  nmaway  '*  stars,  one  moving  towards,  tlie 
other  from  the  earth,  must,  it  seemed,  have  accidently  passed 
each  other  almost  within  grazing  distaoce,  They  were 
primitively  unrttJated ;  their  quasi -<jolliaion  could  never  be 
repeated ;  they  were  as  unldcely  as  any  two  stars  in  the 
heavens  to  be  eimilar  in  cottBtitution.  Yet  their  spectra 
affirmed  tbeir  close  aOimty  ;  both  were  of  pure  helium  typej 
ODE  might  be  tailed  tite  net/alivs  copy  of  the  other.  Nor 
was  this  all.  Anomalies  still  more  glaring  presently  disclosed 
themoelvea      Too  obviously,  on  tbe  adopted  hypothesis,  one 
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pair  of  meeting  stars  could  not  siitlice  to  e^cpluin  tha  phsno- 
meiuL  Vogel  ati|mlat£d  for  u  triple  encoiiuter;^  Campbell 
fouiid  evideace  of  the  inbentctiou  of  four  liuniuoja  maaaes.* 
The  more  atlcntively,  in  tact,  the  spectrum  vms  exiimiced, 
the  more  complex  it  Appeared,  The  bright  linos  were  not 
simple  emaoatioDs,  but  groups  of  differeatly  refmngible  rays  ; 
the  dark  lines  werft  lottirMCUjd  by  bright  threads,  variable  ie 
number  and  position.  Several  distinct  aete  of  lines,  each 
with  its  separate  amount  of  ahtft,  and  each  henca  aBaociat«<l 
with  a  differently  moving  moK,  thus  stood  out  independently. 
"  On  the  hypothesia  of  four  bodieH,"  Professor  CFimpbell  wrote, 
"  the  principal  systeoL  of  bright  lines  was  not  displaced  ap* 
preeiably,  and  the  star  yielding  it  was  practiually  at  rest  with 
reference  to  the  solar  sysLem.  Another  system  was  displaced 
towards  tlie  red,  a  distance  corresponding  to  a  velocity  of 
recession  of  about  31o  uiilea  a  mHiond.  The  system  of  fine 
bright  lines,  and  likewise  the  system  of  dark  lines,  were  dis- 
I  placed  towards  the  violet,  a  distatiee  eoirespondiny  to  a 
velocity  of  approach  of  abi^nt  400  miles  a  second."  Tlio 
analysed  light  of  the  Nova^  on  this  showing,  consisted  of  four 
superposed  spectra  disconnected  in  their  origin.  The  case, 
however,  was  pre&onted  with  diifidenoe  ;  no  oonclusive  force 
was  cUuned  for  it  The  spectrum,  indeed^  if  multiple  at  aU, 
was  more  than  quadruplicate,  Victor  Schumann  pointed  out* 
that  not  less  than  six,  if  as  many  as  twa  stars  were  engaged 
in  the  outburst,  and  planets  ad  HhituTu  were  thrown  lato  the 
m^c  by  Vogel,"  The  collision-theory,  in  short,  collapsed 
under  the  weight  of  the  facts  it  had  to  cany ;  speculation 
was  plainly  off  the  track  ;  a  new  principle  of  explanation 
had  to  be  Hougbt  It  was  difficult  t(k  find ;  yet  some 
probable  though  partial  tniths  had  been  laid  hold  ot  tStr 
William  Huggins»  for  inHtance,  pointed  out  tbut  the  com- 
plexilies  of  the  epoctram  might  he  in  part  due  to  ''reversalB  * 
in  the  atmosphere  of  a  single  etar.^  Such  efibcle  of  the 
Btratifiealion  of  glowing  vapours  are  common  in  the  sun,  and 
may  ba  artificially  produced   in   a  diversity   of  forms.      Their 

'  Aatr.  aitd  ^Btnrphj/aia,  rol.  xL  p.  3(i3. 

'  Ihid.  p.  810.  ■  Ibid.  Tol.  lii  p.  150. 

*  Aht$an(iUtvf>:R  ikr  JTvii-  Ahul.  Btrlin.  l^DE,  p.  £3, 

"  2>iMirHrat  al  iJu  Rt^fiMi  JtutitMun.  Utb  Mi;  lSft2. 
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presence  in  If  ova  Aurig*  was  cliiarlj  recognisable.  The 
opinion,  too,  expressed  by  Father  Sidgreaves  might  safely  be 
Loplcci  that  the  apectrum  of  the  new  star  "  vriis.  on  the  whole, 
l^rhat  the  solar  chromospberic  epectrum  might  be  expected  to 
Bhow  on  a  grander  scale  of  diatiirbauoe." '  FinaUj,  M. 
Saaliger'a  general  tbecny  of  stellar  conflagrationB,*  as  arising 
from  the  paesage  of  compact  bodies  Chiough  '*  cosmical  cloudB," 
or  nebulie,  though  etiaiiied  to  meet  Buperfluoiis  requiremeuls, 
ha^  fundamentally  much  to  recximiuend  it.  Entii'e  originrilily 
conld  not  be  claimed  for  it;  Mr,  Monck.  and  poRsibly  others 
besides,  had  earlier  proposed  a  siuiilar  view ;  but  it  waa  by 
SeoUger  independently  developed,  and  independently  applied 
to  the  circamstaneeB  of  the  latest  event  These  were  indeed 
particularly  embarraafling  to  tlit-orista.  They  seemed  to  imply 
the  continuoua  progreaa  of  opposite  radial  moveTiients  of 
enoimouB  velocity,  and  the  problem  of  bringing  them  into 
play,  whether  by  the  rushing  of  inflamed  gaacs  or  by  the 
bodily  tranaport  of  luminous  globes,  was,  when  considered  in 
all  its  compLcated  beariugs,  formidnble,  if  not  desperate. 
Vet  it  had  to  be  faced,  fur  at  thut  time  spectral  diBplacemeiita 
were  esplicaMe  only  as  effects  of  motion  ;  they  pliould  perfoi-ce 
be  interpreted  on  the  radial  velocity  principle.  This  is  no 
longer  abeolutely  prceeribed ;  the  same  phenomena  have  been 
fonnd  to  bear  other  mciminga — mcaaingB  not  yet  thoroughly 
intelligible,  but  promising,  when  ihey  become  so,  to  provide 
the  keys  to  many  enigmas 

We  m^y  now  trace  the  further  course  of  the  a,ppftrition. 
Daring  nearly  three  months  it  retained  moat  of  its  brightness, 
despite  wide  fluctuations ;  then  on  tith  March  a  precipitato 
decline  set  in,  bringing  the  object  on  26th  April  to  the  limit 
of  x-isibility  with  the  great  Lick  refractor.  In  Fig,  42  the 
coarae  of  cliange  so  far  is  graphicjilly  portrayed.  It  was 
naturally  believed  to  have  reached  its  term^;  the  Nova  Hcemed 
definitively  extinct;  but  in  this,  as  in  other  respects^  its  be- 
haviour defied  anticipation.  OheeiTations  resumed  iTth  August 
1S92,  after  its  conjunction  with  the  sun,  showed,  in  the  place 
of  the  vanisheil  star,  a  stellar  nebula  of  the  tenth  mi^nitude* 
The  recovered    light  was  entirely   altered   in   quality.       Ko 

'  A^r.  tnd  Aslrophyaka.  vol.  li.  p.  <t07-  ^  Ibid.  p.  907. 

*  C;aHipboll|  Anir.  and  Antntpiiftia,  toI,  n.  p,  ?15. 
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^^^1         etranger  diaclotiure  has  been  m&de  hj  the  prism&tic  method  ^^m 
^^^M         than   that   of  the   spectral  trunafonnatiou  of  Nova   Auriga  ^^M 
^^^M         between  March  and  August.     Iho  dark   lines  of  the  former  ^^| 
^^^H         epeotrum  had  become  effat^ed ;  the  bright  lines  were  uo  longer  ^^1 
^^^H         chromoapheric  l>iit  nebular.    Their  ditiructer,  trioreover,  denoted         1 
^^^H          diHtnrhaTice  of  a.   very   peculiar   kind,       Thej*   were   wide   aod          1 
^^^B         hfizy.  and  Home  nt  least  could  be  icaolved  into  groupe  projected  ^^H 
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^^^H         upon  a  feeble  luruinous  t>ackgroiind.'       Plainly  the  state  of 
^^^H         things  producing  the  complex  "reveraab"  noted  in  tho  spring 
^^^H         bad  become  intenaified  in  the  reappearance  of   the  autumn. 
^^^H         Yet  the  multiple  bands  composing  the  n^w  spectrum  ooire- 
^^^H         Bjjonded  moat  faithfully,  in  niiniber  uud  mean  position,  with 
^^^H         the   rays    of   a    pLmcbirj   nebtda.       The    repre^riLation   wag 
^^^H         eGscDtmlly  perfect.       Out    of   ninebeea  Nora-lines   measured 
^^^B         by  Professor   Campbell*  only  one  cf  subcrdirate  importance 
^^H         appeared  forei^  bo  nebular  light.'     Both  the  Wolf-Ba^t  blue 

^^^^H                                        '  RuggiLj^  Priic.  R'synl  Socitijf^  vol.  \\v.  p.  30.                              ^H 
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bands  were  preeoutn  UB  in  cortum  plan^itarioB ;  while  the  dis- 
tincdve,  though  enigmaticalj  nebular  line  at  \  373,  noticed  as 
absent  from  the  Tulse  HiU  pholograpba  of  the  original  spectnun, 
emerged  as  it  rtltered,  and  was  rodordt^i  by  Von  Gfithard  at 
Her^ny  in  November  1892.'  All  the  metallic  lines,  all  the 
helium  Uucb  (except  a  tru^c  of  \  44V2)  had  died  out;  only 
those  of  hydrogen  eurvival;  and  hydrogen  glows  umveraally, 
The  metamorphosis  could  hardly  have  been  more  complete. 
ProfesBor  Campbell  might  well  say  that  the  relation  of  the 
later  Ut  the  earlier  Bimctruni  was  "not  apparaut." "  It  waR 
certainly  most  obscure.  At  least,  however,  the  conviction  w&s 
acquired  that  the  light  "  cmauatcd  from  one  source  ; "  although 
Gubsequent*  expeiience  obliges  ua  to  regard  as  fictitious  the 
rapid  approaching  mopetiiant  attributed  to  that  source  on  what 
then  aeemed  inointrovertible  evidence.  The  presumed  velocity 
reached  a  maximum  ol"  190  miles  a  secnuL)  in  flcptemher.  but 
in  November  1892  had  dccreaacd  to  about  half  that  value. 
And  the  slackening  continued  until,  at  the  end  of  two  years, 
the  ahiflod  lines  occupied  almost  normal  pceitions.  Subsid- 
ence of  phyaical  agitation  might  aafely  be  assoeiut^d  with 
the  change.  It  was  attended  by  spectral  modificationa  of  a 
dinerenb  kind.  In  the  tramsformed  Nova  bnghb  lines  at 
\  436  and  X  575  were  at  first  prominent.  They  abo  occur 
in  nebiil£c,  but  by  exception  and  inconspicuoUBly.  Eventually 
they  faded  ont,  and  the  spectrum  remained  typically  nebular 
Bave  for  the  anomaioits  breadth  of  the  lines.' 

As  a  star,  Nova  AurigEs  had  been  decidedly  yellow  j  in  its 
uebular  stage  it  osauiued  a  greenish  tint  Its  chromatic 
peculiarities  accounted  for  the  liazineea  of  its  aspect  with 
many  refractors.  Outstanding  raye,  left  unfocueeed  when  the 
rest  were  united^  created  a  spujiaue  disc  of  which  no  trace 
could  be  perceived  with  a  reflector.*  The  revived  Nova 
maintained  tenth-magnitude  lu^^trc  with  trifling  fluctuations 
for  upwards  of  four  yeara;  then  it  began  once  more  slowly  to 
decline,  and  in  the  latter  part  of  1897  looked  "more  like  a 
moat  minute  and  faint  planetary  nebula  than  s  atar."^     In 

^  A*tr.  and  AMtrophjitia,  ytA-  aL  p.  hi.. 

"  i\j£f.  Pan^fn  Sockttf,  roL  iv,  p.  340, 

'  CaQipbAll,  A^ff^-  Joum^  toLi.  L  p.  4& ;  t.  p.  310. 

'  Hdi^giiia,  Jstr.  aitd  Jttraphjriia.  vol.  Kiii.  p.  23Q. 

■  PmIc,  Jottrii.  Brit.  Astr-  A^va.  toI.  iJL  p,  IflO. 
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1897  it  hnd  Hiink  Ij^Iow  the  thirteenth  mftgDitiide;  in  1900 
it  touchecl  the  foiurLeentpli,^  A  partial  revival  vih£  noted  ab 
the  Lick  and  Yerkes  obserratories  in  1901.  the  peculiarity  of 
ite  tocos  eontiuuing  to  inchoate  the  nobolor  quality  of  its  light,* 

No^a  AorigDG  was  neither  the  firet  nor  the  laet  temporarj 
btAT  to  dan,  in  fading,  a  garb  of  nebular  light.  Nova  Cjgoi 
paased  through  an  iritnLiiial  phasti,  anil  Lha  example  haa  ainca 
been  firequeutly  imitated  Chiefl/,  indead,  the  mebhoda  of 
icvestigation  brought  to  bear  upon  it,  and  the  novel  con- 
sidetatioQB  to  which,  in  cooaequenoe,  it  gave  rise,  rendered  the 
Apparition  of  1892  memorable.  Ite  dominant  features  wero 
those  of  a  model  "blaze  star";  but  they  were  for  the  lirat 
time  decisively  a^^certaiaed.  An  evanescent  phencioenoTi  was 
rendered  virtually  permanent,  and  for  dubious  vifiual  im- 
preseions,  definite  tranacripte  of  tact  were  aubatituted.  They 
ere  likely  to  be  multiplied  in  the  future;  and  it  haa  mean- 
time become  abundantly  clear  that  no  special  theory,  fitting 
only  the  circumatances  of  Nova  Aurigce,  can  be  true,*  What- 
ever mticnale  of  them  may  be  ultimately  adopted,  it  mnst  he 
one  capable  of  general  application. 

The  photographic  era  of  investigation  began  with  Nova 

Aurigte.  that  of  photographic  discovery  with  Nova  Normm. 

The  former  object  waa  atill  visible  when  the  latter  came  into 

notice.     Virtually  a  replica  of  the  earlier  spectrum  imprinted 

itaelf  upon  a  Draper  Memorial  plate  ecpoaed  at  Ai-e(|uipa  by 

Profesaor  Bailey  10th  July^  and  examined  by  Mrs.  Fleming  at 

Harvard  College  26th  October  1893-*      It  included  about  a 

dozen  bright  lines,  each  shadowed  by  a  dark  one  on  its  more 

refrangible  aidt'.     In  position,  in  relative  ehift,  in  character, 

the  sysLein  of  duplicHte  rays  matched  with  singular  fidelity 

that  ficrutiuised  and  wondered  at  in  the  previous  year.     There 

was  then  nothing  casual  about  its  production,      The  spectral 

displacements  and  the  augmented  rcfrangibility  of  the  dark 

lines  belonged  to  the  ossencc  of  the  phunomenon.     Portentoua 

velocities,  Bpecially  directed,  &nd    inherent  in  speciall}'  eon- 

Btituttid  masses,   e-ould    have   bad  nothing    to  do  with    them. 

^  Rnmlaut.  ObtamatoTy,  v6L  xxiv.  p,  MJ. 

3  Jind.  p.  360 ;  Boraud,  Artnpk.  Journ.  vol.  xi¥.  p.  1 52 ;  i/bnfJUy  .VolCdO, 

Tq|.  M.  p,   31, 

'  Cmapbell.  A$CnqJi,  J47uni.  vol  L  p^  &1. 

*  T'iokpring,  ^utr.  iiitd  AUraph^fUi.  toI,  xlJi.  pp,  40>  398. 
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The  app^firanee  of  Nova  Nortn^,  then,  di^roaed  of  what  vms 
left  of  the  eacoiintering  star-theory. 

The  conSagration  waa  of  a  strictly  temporary  nature. 
Absence  from  a  chmt-plJitc  proved  the  atar  to  have  been  fiiicter 
than  the  fourteeath  magnitude,  27th  May  1893;  and  a  flpe<^tTO' 
graphic  plat«,  t&keo  2lBb  June,  added  the  infonnatJon  that  it 
had  not  Ht  the  luter  date  reached  hmlh- magnitude  bright- 
ness. Its  rise  to  the  seventh,  on  or  before  lOtb  July,  wsa 
probably  ejected  in  a  few  houra;  but  though  fortunately 
registered  at  an  early  stage  in  ite  carter,  it  waa  not  recognised 
fot  nearly  four  months,  by  which  time  it  had  sunk  to  one- 
fiixth  of  its  primitive  lujstre.  The  same  marvelloue  ehange 
witutflsed  in  Nova  Auriga  attended  iU  decline.  On  1 3th  Feb- 
ruary 1894  Professor  Campbell '  Hucceeded  in  obaeiring  the 
star  with  the  Lick  thirty-eix  inch,  in  spite  of  its  low  meridian 
altitude  of  barely  2^  dcgieea.  The  spectrum  was  uebulai'. 
It  consisted,  to  the  eye,  of  the  well-known  trio  of  green  rays, 
together  with  the  golden  line  (X  575),  also  emitted  by  the 
tranaformed  Nova  of  August  1892.  MeaBuremeuts  of  them 
afforded  no  evidence  of  displacement ;  their  wave-lengths 
were  as  usual.  Towards  the  middle  of  1895  Nova  Ncnnte 
became  telescupicaUy  invisible.  It  was  already  provided 
with  a  Buccessorr  Juat  aa  it  glimmered  out,  a  star  in  the 
constellation  Aigo  lit  up.  Nova  Carinas  was  delect*^  by 
the  same  means  as,  though  with  somewhat  more  delay 
than,  Nora  Normw,  Two  impreasions  of  ite  spectrum,  which 
chanced  to  be  secured,  on  14th  April  and  15th  June  1S95 
respecbivoly,  disdoaed  precisely  the  same  arrangement  of 
coupled  lines,  the  dark  set  above  the  bright,  bo  remark- 
able in  earlier  exauipleH.^  During  those  two  months  this 
bad  not  appreciably  varied,  but  a  significant  change  of  a 
different  kind  had  come  about^  A  rivid  ray  at  X  4700 
(approximately),  Bcarcoly  visible  14th  April,  waB  as  bright  as 
the  hydrogen  lines  on  15th  Juna  Its  identity  with  the  Wolf- 
Kayet  azure  band — the  leader  line  of  the  Rydberg  hydrogen 
serieb — may  safely  be  aasiuued,  and  ita  kindling  was  luoet 
likely  the  prelude  to  a  complete  nebular  transformation.  But 
of  this  we  have  no  certain  knowledge,  since  the  later  hiBtoty 

'  Jitr.  and  ABtroph}ftic4,  vdL  Jtiil  p.  511  j  Aitr.  Nach.  No.  3211. 
'  Hartta/i-d  Cir^HiQT,  Kti,  1, 
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of  Ifova  Carinfe  Temutned  imwritten.  The  contiagration  was 
brief;  it  had  burnt  itself  oat  before  Mrs,  Fleming'^  ^xamma- 
tion  t»r  Lhe  pkuir*  TpmnsiiiiLlec.L  from  Arpquipa  gnve  the  alarm 
of  ite  occurrence.     Beiice  no  express  observutioiifi  wen:  fea^ibla 

The  year  1895  was  prolific  of  temporary  atai-a  One  wba 
retrospectively  announced  to  have  appeared  in  the  constclJatioii 
Pereeuja  in  1887.^  A  bri^bt-Une  Hpectrum,  diialyaelf-imprioted 
upon  a  Draper  MemoriJil  plate  eicposed  at  that  period,  was  at 
first  thought  to  aignify  the  Hue  to  niiixiiuum  of  hh  ordinnry 
Mira-variable,  But  the  originating  object  soon  vauiahetl,  to 
all  Bceming,  dehoitively,  and  ita  brief  incaDdeecence  asserted 
itBelf,  by  itfi  con -recurrence,  aa  that  of  a  new  star.  There  was 
a  further  note  of  distinction.  The  fifth  line  of  hydrogen  (H«), 
Tiever  apparent  in  an  ordinary  variable,  glimmered  in  the 
peculiar  specitmm  of  the  Btir  of  1887,  which  included  besides 
an  unknown  line  al  X  4060. 

The  last  record  obtained  of  Nova  Carimo  preceded  the  firBb< 
of  Nova  Oentfturi  by  juat  a  fortnight.  They  differed,  however, 
widely  in  character.  The  apectnim  singled  uut  by  lira,  Fleming, 
12lK  Decemlwr  18S5,  from  a.  crowded  spwtrographic  pieiiire 
taken  at  Arequipa  18tb  July  in  the  same  year,  resembled 
that  of  au  exceptional  nebula,  30  I)orad{ifi.  It  seemed  abort- 
ively or  imperfectly  atellar.'  The  source,  too,  from  which  it 
emanatad  was  situated  in  a  uebuloue  environment.  With  the 
fading  of  lis  brightneas — which  probably  never  greatly  ex- 
ceeded the  aeveoth  magnitude — an  ontlyirg  portion  of  a  known 
nebula  {N.G-C,  5253),  mouieut^irily  effaced  by  the  blaze, 
as  a  fire  is  "put  out'"  by  the  aun,  ahimmered  into  view, 
like  a  halo  round  the  dying  etat*  It  atill  sur^^ves.  while  not 
a  trace  can  be  seen  of  its  quondam  inmate.  By  the  time  that 
Nova  Centanri  came  to  be  recognised,  it  was  unfortunately 
already  far  iidvanced  on  ita  return  to  nbacnrity.  It  had  sxink 
below  the  eleventh  magnitude  on  22nd  December,  when 
Profeasor  Oamphell  secured  the  first  of  three  obeerTations 
of  ita  spectruuL  He  described  it  as  contiimous,  though 
peculiar,  tor  tha  blue  eection  waa  of  disproportionate 
fltrength,  and  the  yellow  showed  inequalities,  as  if  tbrougb  tb« 

^  Sarvard  Oircuiar,  Nf^  4. 

'  Ibid.  Ko,  A ;  AstnpA.  Joum.  vol  iii  p,  211. 

■  W.  J,  Htauy,  Antr.  Jox^m.  Nq.  333  ;  Fitbi.  Padfic  Ao-iet^^  toI-  Tut  p.a20^ 
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Buperpoeitioa  of  briglit  linea,^  A  parting  glimpse  of  the 
strange  star  was  onught  b^  Professor  HuBsey  ni  Lick  on  16tb 
July  1S96.  It  wa,s  theu  excessively  faiot,  Hiiii  iinmeraed  in 
Debuloaity.  The  An^ilogj  between  this  Jtpparitioa  and  that 
which  illuiuinated  the  great  Amiromeda  nebula  in  1885  was 
uDiuiatakablc,  and  both  diverged  signitieantly  trom  tbe  type 
vf  Nova  Auriga*, 

U  was  revertetl  to  by  Nova  Sagiturii.  This  star  was 
photographed  mL  Areijuipa  Sth  Mnn-h  189S,  aud  ideutilied 
by  Mrft  Fleming  as  "oew"  &  year  latcr.^  Yet  it  was 
at  maximum  fuUj  the  equal  of  Nova  Aurigio,  and  might 
have  heeu  oi^on  at  a  glaneo  by  any  one  familiar  with  sky 
aeenery.  It  waned,  however,  very  speedily.  It  was  of  only 
8"2  magnitude  an  19th  April,  when  a  *<iK.tirogr/ipliic  record 
chau(^  to  he  wecTired,  and  hnd  ilwliued  to  the  L^leveuth  before 
its  deliberate  investigatioQ  became  posaibk.  Plate  XVI-  Fig  4, 
reproduces  two  spectral  photo^^rapha  of  Nova  Sogiltarii  ^  obtuined 
within  forty-eipht  hour*:  of  each  other.  Six  or  seven  hydrogen 
lines  lire  Bhowu  in  them,  broad  aud  bright,  but  without  the 
^tark  (^ompanionR  iiHually  viaibla  iu  such  Hpectra,  The  sei-ond 
baud  from  the  ri^rfit  Ih  the  more  refrangible  of  the  Wolf-Rrtyet 
blue  radiations  (X  4G43)i  the  K  of  calcium  ia  ubi3ent>  but 
six  flharp  rays,  identified  with  chemically  unclaimed  lines  in 
the  spectrum  of  Nova  Aurigaa,  came  out  distinctly  on  the  ne>^- 
tives.  Although  taken  at  w  lirief  »n  interval,  the  lecorda 
diHSgreed  in  some  particnhirH.  Thus  the  unknown  line  at  X 
+  060.  emitttsil  by  tbe  lirst  No\a  PetMei  (1887).  whh  strongly 
iibaorbed  in  Nova  Sagitbaril  on  19tb  April  but  bad  vanished 
on  2l!)t  April;  while  the  chief  nebular  line,  invisible  at  the 
earlier,  shone  at  the  htter  date.  The  initiated  (change  did 
not  stop  hem  In  March  and  April  1899  a  purely  nebular 
Bpei'trum  was  derived  from  thf  Rerai-extim^t  object  by  IVift^J^sors 
Campbell  aud  Wri^bt.^  The  regular  cytde  had  been  run 
through  ;  a  planetary  uebula  replaced  tbe  faded  etar.  In  one 
important  renpect,  nevertheleaa.  Nova  Sagittarii  had  departed, 
8o  far  as  the  extant  data  could  inform  ur^,  teiri  tbe  patteru  set 
by  Nova  Aorigfe.     The  spectrum,  as  already  mentionod,  was 

'  Aetiaph,  /mm.  tqL  y-  p>  ^3- 
*  Bortani  Circulttr,  No,  12;  Aafroph.  JmtTTi.  vol-  ix.  {f.  ^69  [PhkHriDg}. 

'  ibt'd.  p.  ao«. 
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sii^le,  not  duplicated  hy  alisoqitiou.  But  Cbeiv  is  gixxi  nsuiOD 
to  believe  lliat  LhU  diflerenc^  did  not  cirigiDAlly^  exiiit';  it  super- 
v»ii«<l  with  the  det'leitKiou  of  liglit.  la  *  temporarj  "  r-pwtra 
the  Ifright  linea  always  rjeetn  to  aurvivt  the  dark;  the  chiaro- 
Bcuro  effect  is  produced  cnly  near  the  period  of  maKJmum,  jLEid 
thiii  pencil  hod  termiuated  ffefore  theiiUirof  1S98  wns  epeetru- 
yfajihically  reijinltred.  Ettrlier  iuipresaions,  we  maj  be  8ure, 
would  have  disphiyed  the  coupled  lines  HymptaiuatJc  of  the 
eaormous  di:4t urbanises  atLeudiug  these  extraordinary  ouibutHt& 

Their  frequency,  eatablished  by  the  oAiuera,  is  a  fact  of 
suhverBive  import,  but  has  abeady  ceaaed  to  e^i^ite  aurprida 
The  reco^tion  of  the  auto^phtt  of  new  stars  hoa  become  h 
regular  part  of  the  buaine^s  conducted  at  such  a  "  SoJomon's 
House"  oa  the  Harvard  CnllegR  Observatory.  In  the  ^nuiuj 
Reports  thence  i^nt'd  the  lue^itioD  of  uew  ataxs  has  grown  to  be 
hjibitual  and  fainihar.  Uf  Nova  Sugittarii  the  laat  had  only  just 
been  heard,  when  Novn  Anuiltc  was  unnounted  to  have  appeared.^ 
Thit^  was  about  fifteen  months  after  date.  The  star  made  its  lUhui 
ou  11  Draper  Memorial  chan-plale  iilst  April  1899  as  ao  object 
of  the  weventli  nifigiiitude,  and  drspUiyed  the  quality  of  it«  light 
in  a  s^iectrDgiaph  Ltiken  ^'^nl  >lu1y.  It  vtan  i:haractemtL(.aIty 
that  of  a  Novft,  althrjugh  aebular  Imoa  ha<l  liegun  to  come  in. 
and  the  trant^fonojition  was  compleCod  ia  the  cour^  of 
Sepiember.  During  a  year,  Nova  Aquiht  wore  the  o&pect  of 
a  planetary  nebula,  sinkiiig  gradually  &om  the  tenth  to  the 
twelfth  magnitude.  It  was  lant  obfiened  by  I'rofeseorH 
Campbell  and  Wright  with  the  Lick  thirty-six- inch  refTaitor 
and  a  60*'  prisiu  9peutroacoj>e.  "  The  visible  apectruni,"  the 
former  wrote,-  "  consisted  of  oxtromoly  faint  continunus  light 
in  the  green,  and  of  three  bright  bands  in  the  poeitioDB  of 
the  tliree  principal  nebular  lines.  The  relative  intensities  of 
the  throe  li*ind.s  jigreeil  approximately  with  the  corresponding 
intenaiueE  in  the  well -known  nebular  spectra.  The  baud^ 
were  not  monochromatic,  but  on  the  contrary  were  very  broad, 
perhaps  fidty  twice  as  broad  as  the  bande  in  the  sebulAT 
speotriim  of  Nova  Auriga-  in  Auguat  1S92." 

It  may  )>e  useful  to  tabnlate  the  reflults.  in  the  discovery 

*  E.  C  Pickeriag,  Aaimjih-  Jount.   vol  lii.  p.  C2;  ffarvard  (TiVcvJnr.  JJo. 
All ;  jliir.  Xath.  N«^  36^1,  ^604. 
^  AffrujJi.  jBitm.  vol.  lii.  (>.  'J^&. 
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of  new  stare,  of  the  photographic  aurveye  e^cecuted  at  Harvard 
College  and  ut  Arequipu,  iU  Ht^uthuru  di^peridenc/> 

(i,)  Nova  Perflei.  Appf?iin?il  1887 ;  ninth  nmgnitnde; 
hjdrogen  liiiea  and  \  4060  brigbt.  Tempomry  character 
recc^ised  18DG. 

(U.)  Kova  NornucH  Spectrum  photographed  lOth  July 
1893;  character  detected  26lh  October  1893.  Seventh 
magnitude,  ahowed  twelve  bright  Hues  a>upled  with  more 
refraugible  dark  ones;  apei-trum  nebular  Kith  February  1354, 

(liL)  Nova  CfljiiiA-,  ^pt!ctrum  photographed  Slat  April 
180S;  eKumiofltion  followed  in  October  Hydrogen  lines 
bright  Willi  more  refrangible  dark  compaaJons.  Faded  from 
eighth  to  eleventh  luagoitude  between  April  and  July, 

(iv,)  Nova  Cenlauri.  apectruin  photographed  ISth  July 
1895  i  irreguWIy  (iintinuouH  i  rpseinblnd  Lh:it  of  30  Doradfts. 
Character  detectml  L2tli  December  1895.  Ma^iimum  tuiiguitudc 
7'2-      Situated  witbin  a  nebula. 

(v.)  Nova  Sagittarii.  Photographed  8th  March  1898, 
when  uf  4-7  niagnitiide ;  detected  March  1899.  Spectrum 
photoyruphed  19tb  and  2lBt  April  1898.  Hydrogen  linea 
bright  i  no  d^rk  companionn ;  \  40Q0  dark.  Spectrum 
nebular,  13th  March  1899. 

(vi.)  Nova  Acpiilae.  Photographed  t^lat  April  1899,  when 
of  seventh  magnitude.  Bright-line  spectrum  phctographed 
3rd  July  la99;  recognition  ensued  in  July  1900.  Spwtruni 
nebular,  October  18fl8. 

Tn  th*'  course  of  seven  yeai-s,  then,  five  temporary  stan* 
were  photograph leul I y  diecoYcred,  and  It  is  safe  to  ahfcrt  thai 
all  would  havu  e^t^ped  direct  visuji!  uotiL-e.  Apparitions  of 
the  kind  are,  we  henc©  learn,  hardly  to  he  counted  aa  »^xccp- 
tional ;  their  occurrence  cannot  depend  upon  rare  con  tinge  ucies. 
hut  muBt  i*uter,  U>  some  estertt,  into  t!ie  regular  eeonoinj 
ol'  nature.  The  couditione  precedatit  atq  doubtless  widely 
prevalent,  and  they  arc  tlie  aame  For  oubburstA  of  all  mag- 
nitudes indifferently.  The  famous  Kovte  of  history — the 
stars  of  Hipparchus,  of  Tycho  Brahe,  of  Kepler — were  due  to 
juBt  such  prepared  accidents  ae  result,  more  frequently  and 
leaH  obtrusively,  in  the  appeararice  of  an  extra  dark  dot  du  a 
chart-plate,  or  iu  the  euLergeuce^  on  a  pirtantatic  negative, 
of  A  "  pecoliar  "  apectrum  among  a  crowd  of  normal  ones. 
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Bub  this  obacnre  kiad  of  Enanife&lutioii  wab  far  traai^eeDded 
by  the  "  New  Star  cf  the  New  Century  "  (to  quoUr  FatUt 
Sidgreaves'a  desigontinn  of  Nova  Peraei,  Na  2),     This  rihjV*ot 
wartbily  tMiitumemonttef]  the  turujiig  uf  a  leaf  in  the  book  ati 
HgoA      The  aiderenl   heavens   hiul  harboured  no  such  hriUtanl 
"  gueat  "flinui;  Kepler's  star  ehono  in  Ophiachua     Di.  Andersnn, 
Ihe  discoverer  of   Nova   Aunga?,  was  iitiU  more  lucky  with 
Nova  Pereaij  for  he  caught  it  on  the  tiBS.     It  was,  however,| 
jilreadj  nearly  the  equal  of  Algol  when  lie  sighted  it  in  th«' 
*wi.rly  morning  of   22nd    Kehruary    1901;    while   Lwenty-eigbt, 
hours    prGviouflly,    aa    a    photograph    taken   by   Mr.    Stanle/j 
Williatna  attested,  it  moat  have  been  fainter  than  the  twelfth^ 
miignitiida      Uondrmatory    evidence    was     derived    Iroin     ihaJ 
Harviiri  College  earies,  two  Bpecimene  of  which  are  roprinluced. 
in  Fig.   43   by  the  kind   permiaaion  of  Professor  Pickering/ 
In  the  etirlier  photo^i'uph,  taken  witli  an  ex^iusure  of  aisty-. 
sijc  minutes  19th  February,  no  trace  of  anything  unusual  is  per- 
oeptible;  in  the  ^^econd,  to  whidi,  seven  days  later,  a  shorter 
expOBure  was  given,  Iho  Nova  le  of  dominating  imp^^rt^uce. 
It   continued  to   gain  light  rapidly  for   about  a  day  and  a 
half  after   ha   detection  at    Edinburgh,     On   the  evening  of 
23rd    February,  iL  wtia  oWrved   tbi'LHigh  drifting  oloudH   at 
Harvard  College  to  be  brighter  and  bluer  than  Capella.'     In 
thirty  hours  it  had  increa.sed  by  two  and  a  half  niagnJtudea; 
during  that  one  night  it  took  rank  as  the  premier  star  of  the 
northern  hemiyphere.      But  its  supremacy  wa^  ^^uite  transient. 
Inoreaae    was   at  once   followed   by   decrease;   there  can   have 
lieen  no  appreciable  psune  iit  niAximnMi.      Alr»idy  [in  24th 
February,  the    sldr    haj    lost    fuIJy   one-third   uf  itH    light. 
the    inevitable    downward    courHc    wits    entered     upon,    and 
was  pursnedj  alth'>uj^h    with    ain^'ular    inter  ltd  ttcnces.       But 
the  most  remarkable  characteri»tie    of  Novq   Persei   wag   ita 
ffpectral   variability.      IL   showed,   to   Ix^gin   with,   a   epectrum 
of  the  ordinary  Orion    type — a  coutiniiotia   priamatic  atrip, 
scarcely    encroached     upon     by    narrow    lines    of    hydrogen 
and  helium  absorption.     Some    of  these,  it    19  true,    proved 
en    clone    examination    to    have    their    lower   ed^oa    ulightly 
brightened,  but  there  wa*  no  other  sign  of  diaturbanoe.     On 
the   following  night  it  was  noticfitl  that    the   K   of  cfllcium, 

"  Harmrd  Cirfvlof,  JToi.  Bfl,  67. 
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previously    impereeptable,   stood   out    markedly  obecure.  After 

which  an  eitraordinaiy  chaoge  took  place,  Dnring  the 
twenLj-four  houra  that  followed  ttie  ntAximuiu  nf  23rd  February, 
the  charatter  of  the  spectrum  was  completelj  transformed. 
Hyilrogcn  now  blamed  in  it;  tind  the  ratine  of  brood  Lri^ht 
htiOH  reprcBentiiig  itg  eini^igiiE  waa  dviphcated,  jitat  ax  in 
Nova  Atirig&>,  by  a  range  of  motn  refrangible  ^ihadow-banda. 
TlHise  were  strongly  displweJ  towards  the  violet,  and  tbeij 
dispbiceineiit  ^Lpj^e^irH  to  have  ini^n^iLSfid  progressively  for  soiue 
dajH.  It  finally  correapontltd,  if  interpreted  on  the  Doppler 
principle,  to  &n  appro^iching  velocity  oT  iibout  109(J  milee 
a  Becond,  while  tbii  brif^bt  lines,  so  far  us  their  distended 
condition  allowed  a  judgment  on  the  point  to  be  formed, 
retained  pretty  nearly  their  lisna.!  places.  The  Doppler 
prineiplcj  however,  had  plainly  a  very  restricted  uppliiutiun 
bo  the  caae  of  Nova,  Teisei-  Dr.  Vwgel  ^  used  it,  with  excellent 
Judgment,  to  determine  the  star's  true  radial  motion  from 
meaaurements  cf  Kne  durk  revcraab  of  H  and  K^  which  ^emed 
entirely  exempt  from  alterations  of  a  phymcat  kind  He 
found  it  to  be  about  twelve  milen  a  aacond  in  a  direction 
jiway  frciia  the  turn.  He  wan  inns  succeKsful  ii^  his  endeavour 
to  eaplain  the  conspicuoua  flhiftiog  of  the  dark  hydrogeji 
linea  on  th&  preesuro-theory  oa  adapted  by  Wilsing.  For 
prepBure  doea  indeed  alter  the  refrangibiUty  of  the  raye 
emitted  by  vaporous  strata  submitted  tt<  it,  but  the  alteration 
i«  always  iu  the  sumG  sense.  The  re&aiigibillty  of  light  \s 
ditniuiahed  by  condeueatiou ;  the  resultiiij^  spectral  diuplace- 
menta  are  towards  the  red.  Nevertheleas,  thoae  of  ttie 
abflorption  linee  in  Nova  Peraei  wore  towards  the  blue  Nor 
was  the  masking  arrangement  devified  for  the  puri>ofle  of 
ttinootliing  away  this  fundamental  contradiction,  one  timt 
would  work.  The  star  itself,  through  the  gradual  uiifdWiu^ 
of  its  peculiaritjea,  emphatically  disavowed  it.  A  Stonyhurst 
flpectrograph  of  7th  March  showed  tlie  dark  hydrogen  liuefl 
well  separated  from  the  bright;-  thoy  wore  unmaekt-d,  yet 
none  the  less  shifted  Their  altered  jwsitions  were  thus  &^tx,- 
to  be  thosH  of  the  rays  in  their  entirety,  and  not  merely  of' 
outlying    vriugB    left    visible,    while   their    central    parts    were 


-  Aev.  W.  SidgntvaH  Otmrvaitirjf,  vol.  xxii.  |k  IfiZ. 
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distinctive  tihiavosdoro  effect  was  gone;  the  bri^h 
longer  east  Ahodow^. 

SectionB  of  the  liglit-curve  of  Nova  Pereei  art 
in  Figs.  44  and  46.     They  seem  to  tcU  of  s  long 
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of   effiJi't-H   townrds   recovciy,    unistantlj'    ilefeatol    by    the    iu- 
viDcibb  advaiice  of  exhaiietioa     These  roriatioim  in  nidgni* 
tude  were   associated  witU   Tcmarkable  epectial  modificatioiLS.1 
The  light  of  this  wonderful  object  wae^  from  the  first,  of  ex-J 
tremelj  iinHtiililt;  qnjiUty.    Tlte  unuttiugand  absorbiog  vaporous j 
Uyew   wert    evidently    in    a,   ^Utte   cf   irontinua.!   flui.       Tlieirj 
turmoil  yva»  betrayeil  by  clmDgeH  of  icteualty,  widtb,  and  wave- 
length ID   both  dark  aad  bright  liaea,  most  oi'  them  tnidag'] 
place  unconnectedly,  ec  to  Bpeak,  ond  capricioualy.     By  degrees^ 
however,  their  confuBion  reduced  itBelf  to  eouie  kind  of  partial 
order.     During  the  month  of  March,  Kova  Persei  assumed 
[zharacter  of  a    varinhle    lluetuating   fxteunivHly  in  a  period  of 
tlireti  duyH,  and  Lbe  Hjjeutruiu  was  found  to  vary  quitpe  decidedly 
in    uorresyxJii deuce    with    the    light.     The  pheoomena  of  its 
alternntioQs  are  illustrated  in  the  BubjoiDed  reproductions  of 
photographs  taken  by  Father  Sidgreaves  (see  Plate  XVI.  Fig.  5). 
The  second  and  fourth  aje  distinctive  of  minimimi  epochs; 
the  first  and  tliird  eiianu:terifle  muirh   higher  grades  of  bright*, 
uess.      AniOLg  thtr  features  of  l^he   miniuiuiu   apef^tnim  are  tho 
fading  of  the  conticuoua  radiance,  the  displacement  upward  of 
the  tir^t  ultra-violet  member  of  the  hydrogeu  eeriea  (HJ^.  and 
the  development  of  a  blue  band  at  \  4)33.     The  two  types  of 
apectntm   continued   to  succeed  each  ether  with  approximate 
regularity  from  1  !^tli  MiLrcli  to  3rd  May.     Nutuitous  aiiomaliea, 
indeed,  presented  LbemseKee.      Tltey  were  described  in  detail 
by  Fathers  Sidgreaves  ^   and  Cortie,'   by  Lockyer.  Pickering' 
and    Hale,*    hut    no    ulue   to    their    physical     interpi-ctation  ^« 
has  bi-eo  found.      Only  those  affecting  one  narrow  region  of^^f 
the  spectrum  can  here  be  further  adverted  to.     The  appear- 
aoee    of  the   T>-liiie»  in   Nova    p4^rsei    waii   moat   reniaikable. 
Spetial  attentioL  was  paid  to  Lheui  at  thti  Yerkes  Obsorvutory, 
and  they  arc  (iclineaUKi  in  Flat<^  XVI,  Fig.  3,  From  a  photc^raph 
taken  on  an  "Erythro"  plate  with  the  forty-inch  rcfrnctor  of 
that  BStablishment.     The  relations  of  the  various  lines  ahotm  in 
it  need  some  brief  explanation.     The  hroad  bright  band  is  due 
to  tlie  rodiuLioii  cf  noiliuin :  the  fifii-  dark  linns  projected  npou 
it  ai^  ohWous  reversals  by  a  cooler  and  rarer  overlying  atratum 

»  Monthly  ^otiat,  toIi.  liL  |ip.  3SS.  4*2  j  IxiL  p.  621. 

'  Ihid.  vol  IsE.  p,  »ft4.  ■  Ilormrd  (HrruUfy  Na.  59 

*  T§rkc3  ObtennUory  Buiktiit,  ^an.  10.  17. 


TEMPORARY  STARS 


398 


I 
I 


I 


of  the  same  metallk  vapour.  These  thrpails  of  abflorptioD  are 
Hliy;hl.lj  displaretl  Lownnb  tlie  red;  Lhey  indicate  uLuiit  Ihr 
M&me  rate  oF  recesaiuii  Tionj  the  enrth  ihot  vraa  derived  by 
Vogcl  from  lilic  Bimilar  revctwils  of  H  and  K.  The  fiict,  then, 
admits  of  no  doubt  that  the  kindlotl  masa  vaa  travelling 
away  from  ua  wirh  a  Bmall  velocity/  Thie  remained  ton- 
stant — BO  far  as  oijt  iatbrmatiou  goes — from  first  to  last; 
hut  the  poBitioD  uf  hrighb  D  underwent  a  marked  altertition. 
The  hroad  bright  Wad,  tuivcrtted  alinoet  centrally  in  the  early 
days  i>f  Manjh  by  hair-tike  rfverBals,  nhifted  iti  the  coui'se 
oi  a  raoath  fln  notably  towurde  the  bluts  Ihiit  the  fiducial 
lines  (aH  they  might  be  tailed)  lay  in  April  tlose  to  its  leas 
refrangible  edge;  while  the  absorption  line  concealing  D^  had 
meantime  became  diffused  towardw  the  vitilet.  "We  have  no 
inkling  of  a  jrassible  i-aoae  for  these  thankee.  They  were 
steadily  progreaeive.  and  ho  diselaimed  any  immediate  con- 
nection with  the  iwnodical  Tarintione  of  the  Hf  lina 
According  to  Futher  SidRrejives'n  view,  indeed,  theno  hiRt 
originated  Irom  no  change  of  refrangibilily.  hut  from  the 
brightening  of  a  cyant^u  hand  situated  just  above  the 
hydrogen  line  it  illuaorily  mcdified.  The  sitdium  btind, 
however,  actually  moved  upward ;  the  emittmg  ojoleculc^ 
tiaiekened  their  vibrations  through  eome  urJcnown  kind  of 
inEliienee,  Only  the  letiw  refr-iugihle  riiemberM  of  the  heLiuiii- 
serifc*s  gloved  In  this  nmrvellouR  s[»ettrum.  None  higher 
up  thart  the  blue  "Orion"  line  at  A  4472  wjuJd  l>e  seeji , 
while  the  blood-red  \  6678,  and  D^  (when  sodiiim-abaorp- 
tii^n  thinned  otT)  «hoiLC  inteneely. 

The  <K>]our  of  Novn  Pereei  changed  from  white  to  red  & 
few  days  after  its  maximum  on  2;jrd  February,  and  red  it 
rtaiainefl  for  Bome  moDthn.  Tlje  tinge,  inde*'d,  lightened  to 
clear  orange  in  itn  apaiinxB  of  recovery^  but  deepened  t<i  a 
purplish  glow  at  each  puhaequent  decline.  It  faded  com- 
pletely iu  July  190 1 ,  whcD  the  flpeotrum  of  the  Nova  resembled 
that  of  a  planetary  nabula,^  Plate  XYIll,  Fig,  2  iliuBtrnte^i 
from  the  Lick  ol^at^rvatious,  th«  predominunee  in  it.  on  ILch 
AuguHt,  of   the    leading    nehuUum-radiation.       This  waB   in 

■  Tbb  WH  iwdr«d  hy  CimpbeU'a  JatflrmiiiAtioiu  {Lid-  ffitiletm,  Via.  B), 
*  LifA  BvtIeiCH,  Koh  &t  SlOemTu.  Aatr.  Pt'och.  Ha.  8741  :  Von  Gothkrd, 
iiritl.  No,  37£jt. 
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occcrrifince  with  precedent;  but  the  wildest  flighte  of  imaginu- 
tjon  were  outrun  hj  what  ensvied. 

On  22aiJ  ami  23nJ  August  1901.  PrufoBsor  Mai  Wolf 
took  long-^xposurir  photographB  of  the  Nova  with  tlie  aiatteen- 
inch  Bruce  objectives  Utely  mounted  qa  a  twin -telescope  ut 
KucigetuUI.  Both  pluton  nhowod  tbe  prosence  of  delachtid 
nebulous  maseee  to  the  Honth-east  of  the  star ;  *  and  thpue 
proved  U)  Iw  iiiily  the  brightest  jwrts  of  a  vast  spiral  foi-matiou 
photographtt^I  by  Mv.  nit<'hey  nt  tli«  Yerkes  Obf^L-rvalorv  ou 
20th  September,  tmder  tbe  form  represented  in  Pialc  XVIIL 
Fig.  1.^  Its  intiiudto  structumi  ralationnhip  to  the  star  ia 
patent;  but  there  was  njore  to  eome.  Renewed  impressioas 
obtained  7tb  and  13th  November  with  the  same  inatnunent — 
a  tweiity-four-inuh  retlector  of  his  <»wn  constniction — sbowad 
Mr.  nitob^y  that  thti  nebula  wafl  expanding  with  |>urtentoiia 
Bpced;"  and  an  identical  discovery  waa  made  by  Mn  Porrine 
from  a  comparison  of  the  Yerkea  photograph  of  20tb  September 
with  n  Crcealey  picture  secured  by  a  duplicated  exposiu'e  7th 
and  8tb  November.*  The  movements  indicated  were  at  the 
rate  of  about  oue  minute  of  are  in  live  weeks;  aud  they  wei^ 
maintajnt'd  until  thi'  ilijnly  Fthining  npii'eA  aflecbed  by  them 
faded  into  chemical  invisibility.  Moreover,  the  apiuuing  of 
the  nebaleuB  web  was  found  to  have  been  an  initial  acoompani- 
luent  of  the  fltellar  oiitburet.  Two  cloee  coils  of  it  were 
diseerued  by  Mr.  Perrine  on  scrutiny  of  a  negative  expospd 
for  ton  rainutefi  29tb  March  I901*  And  sine*  they  wenif 
closer  iu  the  ratio  of  tlieir  exjwinwion  between  September  and 
November,  it  Iwoame  evident  that  the  process  bad  gone  on 
nnohecitcd  during  seven  or  eight  months;  while  the  tracing 
of  it  ba(?kwiird  showed  it  to  have  actually  oorameiicod  nlmoat 
flimnhaueously  with  the  kindling  of  the  conflagration.  Tfjat 
is  to  ss.y,  the  rate  of  flow  of  the  nebulous  streame  indicated 
their  issue  from  the  Nova  alumt  1 7th  February,  or  five  daye 
previously  to  ita  visible  uinnifeetation. 

Spociilation  regarding  this  unique  phonomoni>D  liae  naturally 
been  active ;   iind  an  explanatory  hypothesis  of  conelderable 
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plausibility  was  hit  off  independently  by  ProfsRaor  KaplGyn  ^ 
uud  Mr,  W.  E.  Wilson.^  It  urtirnis  tht*  nebula  to  have  Wen 
p re-ex  ittenl.  and  tit  remain  uuthangeti.  But  since  we  see  it 
lij  the  reflected  light  of  the  Nova,  its  variouu  spires  and 
condcoeatioua  have  come  Butteasivoly  int<>  \iow  a»  the  Hjlit' 
cf  the  explosion  tmvelkd  ont^vard.  in  widening  cirulea.  Hence 
AH  illusory  effmzi.  of  radial  t^xpanaion  was  produced,  while,  in 
point  nf  fact,  the  lempomrily  illuininatuL.1  cosmic  ToIcIk  were 
aa  iinniovablti  ^r  aligned  ^low-fH^ukHn  in  tniTi  s6t  aglow  by 
the  rising  4uii.  The-  parallax  corre^pooding  to  this  rationale 
ia  0''01L;  it  implied  that  the  Nova  autiiully  blnzod  in  the 
third  ya^ir  uf  Janiee  1.  (lliuB),  and  rose  to  a  oiilminaung 
splendour  eight  thouaafid  tim^a  thuL  of  our  sua.  In  this,  at 
Jeant,  there  is  no  improbability.  The  star  is  devoid  cf  sensible 
parallax  or  pro|M:r  nioLion ;  and  ttJ:^  ili^tance  froni  tlie  earth 
(amDotn  accordinglj,  be  uxprestied  in  "  nniubevs  that  have 
name," 

A  strictly  leuipomry  character  may  aal'cly  be  afltiribed  to 
itR  nebulous  appurtenances;  tliey  were  either  evolved  from  ita 
niJias,  or  rendered  luminous  throuyb  its  influence.  Profeeajr 
Max  Wolf  Huggeated  tlie  pn^pagation  of  electric  WttveB  of  the 
Hertzian  type  as  the  cause  of  the  far-apreading  ejccitemenl 
attested  by  the  gleaming  atmuli.  l*rofesflor  Very*  inclinod 
to  regard  them  as  constituted  b}*  material  cnqjusclee,  such  as 
give  rise  to  oath  ode- L-ayH^  ejected  from  tlie  atar  under  the 
stresa  of  light- pressure  or  electrical  repulsion.  There  was. 
however,  as  Mr.  I^AJuis  Bell  '  retiairked,  no  evideuue  of  (ict'elani- 
tion,  consequently  none  of  the  coutiriiied  action  of  a  repulHiv^i 
force;  while  the  aupponitiou  tliat  the  nebula  round  Nova 
Feraei  had  lieen  photngraphed  by  reflected  light  was^  in  his 
opinion,  discredited  by  the  absence  of  jxilariaation-effects,  aa 
well  aH  by  the  long  persifltence  of  strongly  nebulous  patc-heK 
close  to  the  Btiir,  which,  unless  they  had  been  self-liimiiioufi. 
should  have  vaniahed  with  its  fading.  Their  light,  accordingly, 
is  eurmieed  by  Mr.  Bell  to  have  been  of  an  auroral  nature. 
It  developed  as  a  secondary  consequence  of  electro-magnetic 
strains,  propagated  through  space  witli  the  velocity  of  light, 
from  &  sun-like  centre  of  disturbance. 


■  Aati.  Xack.  Ni»-  376fl. 
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What  cnnnot  be  gainsaid  ia  that  the  apparition,  with  its 
sLruuge  atteudftuL  cinmnistraiices,  mukr^  im  the  most  interesting 
OIL  record.  Even  the  cL-isaic  Neva  Aungit  was  tar  outdoae 
by  the  Burprising  diveraitj  of  the  phosea,  both  spectrul  and 
luminouB,  ejfliibited  by  ita  brilLiant  bueeoBsor.  Their  fitudy 
aftorde'l  much  new  knowledgej  ^nd  opened  wide  tructfi  for 
future  eiperinient  wnd  raweartih-  A  triticfll  point  of  difler- 
ence  between  Ihv  i>bj«rvutioJiH  niade  f)u  blio  two  occa&iDnH 
waa  the  timelinesa  of  tliose  on  the  latter  Btar.  They 
were  in  full  swing  while  it  woe  Rtill  mounting  townrds  the 
Buminit  of  its  fiplendour  A^  a  conKe([uence,  the  order  of 
its  spectral  pbenrimena  was  clearly  aecertaiaed  and  proved 
wholly  nntixpet'ted.  At  the  ouiJieL,  the  lij^ht  waa  of  ordinary 
quality  J  waning  hjul  ah^ady  £et  in  before  the  displacernenUi 
and  disteni^ioQ  of  itd  li^f^ar  ingredients  annouEced  the 
prevalence  of  diatutlMince.  Thih  fact  is  full  of  meaning;  let 
Ufl  weij^h  it  well.  We  learn  from  it  that  the  eadden  develojv 
ment  of  luminous  energy  was  eswentially  of  phoLospheric  ori;;in, 
GiLseouH  erupLiouH  and  eTtplonioitH  fblloweil,  and  produced  the 
duplicated  uiiectrum  characleriBtic  of  Iremporary  ^tara^  But 
they  were  merely  incidental  to  the  prioiiry  event,  which 
wcuned  independently  of  them.  This  distloHurt  njurowa  the 
field  af  epecululicn  as  to  the  nature  of  that  primary  event, 
and  is  so  far  enlightening.  ITurther,  we  now  know  thai  the 
bymptoms  aM^totiated  with  prodigiou:^  radial  vidocilif^s  were 
not  i[therent<  but  coueequentiaL  The  obscure  V>ody  abruptly 
kindled  bu  vivid  incandescence  gave  no  evidence  of  rapid 
motion  ;   it  seemed  a.  leif^ureJy  tntveller  thixiugb  apace. 

We  may  now  attempt  to  arrange  and  generalise  the  itema 
of  information  lately  guined  about  Nova*,  Throe  have 
appealed  in  nebuhe  or  duntera — Nova  Scori»ii  in  1800,  Nova 
Andromedije  in  1835,  and  Nova  Centauri  Jn  1695,  Set 
apart  by  their  nature  no  less  thatt  by  their  eituattoa,  they 
were  evifiently  traUsHlent  adjuncta  to  the  tormatione  in  which 
they  were  immei-eed,  and  ^fnybabfy  imitated  their  luniinouB 
peculiarities.  Our  knowledge  of  tliem,  however,  is  partial 
and  unwiti  a  factory.  Pasaing  on  to  "blaze  atuis"  proper,  we 
note  the  following  ciriumBtanceH  ?is  comniou  to  the  cla<^ 

1.  They  have  their  habitat  in  the  Milky  Way,  Nora 
Corona:  alone  had  any  considerable  galactic  latitude. 
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2.  None  Imve  any  sensible  putollax  or  proper  DjotioD, 
Th07  must  then  be  vastly  remote, 

3.  They  rise  from  and  rekpse  into  approximate  obscurily. 
The  one  kitowji  tutar  ijistiugiii^lied  by  a  U^ujpurary  Mare  was 
Nova  Corouffi.  SeveTal,  nevertheless,  continue  perceptible  in 
their  eHete  state. 

4.  The  bright  linea  of  Novfo  ere  coupled  with  d^rk  lincB 
of  shorter  wnve  -  lengths.  This  mode  of  justitposition  is 
in  variable. 

5.  The  spectra  of  Novie  I'eserible,  in  their  early  Htages. 
tMt  of  the  solar  chromosiihere,  Inter  that  of  nebulce,  the 
emisaions  of  hydrogen  and  helium  ulbiuiatdy  yielding  their 
predomJEfljice  to  the  green  rays  of  nubulium.  The  Wolf- 
Ruyet  blue  hjinds  L^n(?Ta.lly  taake  an  Intennediate  appearan(!«. 

Now  w3iat  may  we  legitimately  eoudnde  from  these  varied 
plienoiEiana  ^  Very  littli;,  unforLii uately,  of  a  positive  nature; 
we  miuit  be  content,  iu  the  main,  with  negative  iurerences. 
Yet  it  ia  ao  small  advantage  to  cle^r  the  ways  of  thought  by 
abolishing  untenable  hypotbeses.  It  tuay  then  safely  be 
stated  that  the  reraarVablo  spectral  Rhiftinga  in  temporary 
Btora  are  not  eft'ecta  of  tranalatory  motion  ;  they  supply  no 
argumeuL  for  the  duplicity  of  thrt  liglit-souri*.  Neithet"  do 
they  originate  through  pressure,  which  tends  to  damp  down 
vibrations.  Dot  to  accelerate  them;  and  it  ia  chieily  a  shorten- 
ing of  wave-lengtha  thjit  has  to  be  explained.  Staggered  by 
this  ditfiuuUy,  Dr.  Wilsiog  tug^ested '  the  alternative  view 
that  Novie  are  not  inwin descent,  but  "  lumiueiicent "  bodies. 
The  diKliuttioo,  first  made  by  E.  "Wiedemann,^  in  valid  and 
valuable,  although  ne^t  to  nothiug  is  known  about  the  essential 
eonditiona  upon  which  it  reets.  All  tliat  can  be  said  is  that 
they  involve  the  production  of  light  to  a  great  extent  without 
heat.  But  the  suppositino  tfmt  they  iire  found  io  tempomry 
atars  ifl  an  extremely  liazardous  one.  It  is  countenanced  only 
by  the  one  faet  that  euiiusioiis  due  to  liunineaceoce  are,  or 
may  be>  accompanied  by  corresponding  absorptions  of  greater 
refrangibility,  and  so  present  a  colourable  imitation  of  the  per- 
plexing chiaroscuro  spectrum  displayed  during  stellar  outbui^te. 

On  the  whole,  the  moat  proaiiBing  theory  of  their  occurreoce 

*  Asfr.  Xadt.  Ko.  ;ieo:s. 
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is  that  suru  in  the  Milky  W^y  oceoaionallj  get  enungled 
iu  the  diftlised  nebulQuilieH  with  which  tliat  region  aboundan 
aLil  bla:^  Uiruii^'li  the  rtiai^tutii^ti  uirt^rti]  ta  their  motuiri,  just 
oa  luebeors  ^ndle  to  brief  apEeuduur  in  ahooliog  tithwiut  our 
cloud  of  "  ciicumtluouB  aii."  Wc  miiBb,  it  is  true,  be  contout 
for  the  present  to  accept  it  in  principle ,  attejupts  to  elabomto 
it  in  detail  cau  only,  until  muuh  I'n^sb  kucwledge  hog  Itoeu 
ac'^uired,  result  in  failure.  Even  M_  Saeliger's^  ingenuity  ditl 
not  avbil  to  conduct  hiiii  Lu  ;l  succ^ssfnl  iasue.  He  dc^mandsd 
too  much  from  the  etar-aud^nebula  hypothesis — demanded, 
indeed,  more  than  the  conditLona  (as  wc  now  know)  actually 
i^uired  ;  and  it  hence  incurred  unmerited  discredit  Admitted 
providouully,  it  wiU  perhupe  serve  a^  h  guide  to  ultimate 
truth.  An  important  disouHaion  of  the  poflsibilities  tionnacted 
with  it,  Hud  oT  the  iimLuer  lu  which  they  might  *«r>'e  tlie 
purposes  of  Hpectroacopic  interpretation,  was  published  by 
Mr.  J-  lidm  of  the  lidinburgh  Observatory  in  July  1901.^ 
Pi"ocoodij)^'  fTLUii  llie  hj-polHlieaie  that  a  Nova  becomes  visible 
wlien  "  A  dark  btdy  impinges  upon,  an<l  penetr<it«e  into  a  mas& 
of  iiebu]:Lr  luiiltrial/'  ha  couBtnictad  a  Torticnse  Hyatem  of 
rruliatin^  and  absorbing  ^um^  travelling  with  the  great 
intruded  g]ol>e,  and  skilfully  adapted  in  all  its  i>arte  to  give 
riee  to  the  observed  plienomemu  His  arguments  est  not, 
Bcaroely  indood  could  bo,  in  all  reapecta  conviccing;  yet  ibey 
form  a  contribution  of  utimulatinju^  quality  to  the  j^^eneml 
doctrine  of  terapomry  utara.  This  has  wide  heannga.  !t 
sliould  include,  not  ouly  a  nitiouale  of  the  nutunl  coufl^igra- 
tions,  but  also  sotae  definite  and  coosi-stent  view  as  to  the 
previous  st-ilxi  and  hi^Jtory  ot  the  bodies  eubjeoteil  to  them^ 
They  are  glibly  deuigniited  ^'  i.lark  etai-^/'  but  embanuaamentfl 
supervene  when  we  attempt  to  give  precifiiou  to  our  conc^tiona 
of  what  cioiinlitiit«H  a  "  dark  star."  Wa  will,  ueverLheleaH. 
es»ay  thf^  labk  ic  the  uext  chaptitr. 

'  AUr^  A'flc^.  ^09.  sua.  3167.  ^^8. 
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Dahk  starn  are  of  »uu-like  dimeni^iinis.  but  of  plaoeUrj' 
olhscurity,  Tbey  constitute  a  realm  scarcely  penetrable  by 
direct  inveatigntiuiL,  nnd  therefotv  emineDtly  inviting  Ui 
speculative  thought.  Tbey  are  iiidotioitely  nuiiieroue;  they 
uiiiy  be,  in  many  wLses,  tmonnoiisly  massivt  tind  bulky :  tbey 
jLi'i-  prolmbly  etidowed,  iu  general,  \^[L]i  very  liigli  veloc-Uiea : 
some  are  p«rhapa  among  our  nairast  ifeijjhltoms  in  simm*. 
They  exist  both  iu  a  aolitury  and  m  an  associated  condition. 
Tliti  dynamical  rolatiou)^  of  uiiattuched  dark  Bt*ire.  although  of 
the  deepest  inU-'restn  frinu  tlieir  bearing  upon  large  c|ueetione  of 
sidereal  conhttruction,  are  unknown,  und  aeem  Likely  long  to 
remain  so;  but  in  luixed  sy?4tems  of  ^liitiing  and  oImcuen^ 
Ixxlies  tbey  are  readily  ojien  Ut  investigation.  Such  Hystema 
xnMur  quite  fretjly,  as  we  learn  from  obftervatiuns  of  three 
distinct  kindft  Their  unse^-n  members  varioualy  lietray  their 
preaenue :  (i-}  by  perturbing  the  cirbital  movements  of  viaually 
double  sCars;  (ii.)  by  occasioning  periodic  changea  of  velocity  in 
uinu!i!ly  single  stura;  (iiL)  by  ui'tultiug  thyrr  bright  j.iriiiuirie*, 
and  «;  cauBing  them  to  be  aflbcted  with  a  special  lypw  of 
variability.  In  the  first  caae,  the  effei^ts  u-an  be  diecerned 
telfficopically.  in  the  eeccnd  tliey  oome  out  apeotrogrophiwdJy, 
in  the  thinl  they  are  both  photometric'  and  spectrogmpttic- 
Solitary  dark  globea,  on  the  other  hand,  are  brought  vitbhi 
our  ken  in  ouly  one  ^hion.  Given  a  oertain  combination  of 
circumstancefl  of  a  barely  conjerturable  iiatare,  tbey  leap  into 
light  aa  Norce,  and  iii  thia  capacity  attain  varioiia  degrees  of 
notoriety. 

The  exiatence  of  an  "iDviAihle"  ilepurtmetit  in  astronomy 
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wa«  divined  l>y  Laplace ;  it,  w&b  demoustrated  by  Baaeel 
through  hia  discovery,  with  the  mind'n  eye,  of  the  aemi- 
cJiacure  satelliteH  nf  Siriiia  iicd  I'rfjtyotL  Tta  iuipurtfLUiv  uan- 
iiob  w^  be  exiLggt^ruted.  Uusecu  bodies  may,  for  aught 
we  oau  tell,  predominate  in  uiaaa  over  the  aum-totai  of  tliose 
that  shiiic ;  they  supply  poaaibly  iho  chit'f  part  of  the  motive 
power  i-if  tlie  ouiverse.  Thty  appear,  lit  any  rate,  to  be 
profiLsely  distribut^^d  througliout  itR  enmpaes.  One  star  in 
Hix.  by  >L  fjLJr  estimiiLe,  lh  a  ii[teclri>i*M\Ac  binary ;  uud  »<peebTo- 
acopic  biuariea  uouiu^ouly  distlost;  their  nature,  nob  by  the 
doublingn  but  by  the  ahiftmg  of  their  apectr&l  linea.  Thi£  ie 
HB  much  as  to  aay  that  cue  of  the  revolving  masses  mdialea 
imperfectly  or  not  at  ali  Again,  temporary  eturs  preaimiubly 
riee  from  crowded  ranks  For  every  one  that  blajes  into  view, 
mulLittides  must  rentfliu  undiBtiu^iiisbed.  The  raw  material 
of  such  (jutborats  is  doubtless  lavishly  provided,  while  the 
acGidcuts  w:liiiiUy  ocLvmioiiing  ihem  mu«l  be  few.  Stellar 
apparitions  thui^  derive  extraordinary  importance  trom  their 
implicution  of  an  unfathomable  background  s^Lored  with  ^Itete 
or  undeveloped  suns,  the  presence  of  whieh  evades  immedisie 

■"Dark  stars  '  need  not  be  absolutely  obscure.  Some, 
at  aDy  ralf;,  may  Ije  feebly  lumioouR,  though  powerfully 
attractiven  like  the  companions  of  the  Dog  atarti.  Theae, 
if  situated  much  nearer  to  their  primurieH,  would  eaoape 
telencopic  recf^gnition.  and  could  challenge  epectrographic 
notiee  only  indirectly^  through  the  motion -displacements  due  to 
their  influence  on  the  brilliant  spectra  superposed  upon*  and 
sBacing  their  cwil  In  other  cases,  ntare  are  swayed  from  their 
computed  patha  by  the  power  of  entirely  raylees  eatellites.  Tfie 
fourth  member  of  the  system  of  ^  Oaucri,  and  the  hypothelicftl 
third  component  of  TO  Ophiuclii  appear  to  \te  dark  in  Dijti 
atrictetit  aeuae.  Moi4b  probably  an  indefinite  uuiubBr  of 
gradations  connect  the  planetary  oad  aun-Uke  ?tatea,  Thua 
in  HOme  Algol  pairs  the  occulting  body  is  to  our  appreciation 
obfloure ;  in  others  it  gives  acme,  tbouj^li  very  little  light: 
vhile  in  a  third  variety  the  companiona  atand  on  the  same 
level  of  lustre,  Al^l  itself,  U  Cephei,  and  T  Cygni  Hpeeifi- 
cally  exemplify  these  differeuceB.  Tliey  manifest  themselveH 
as  well  in  non-eclipeiug  spectroBCOpic   binaries.     A  minority. 
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beftded  by  ^  Aungse,  constst  of  globes  fUlly  luminous;  a  few, 
Boch  aa  a  Yir^nis  hdcI  o  Lecmis,  show  traces  of  a  second 
Bpectrumj  but  raoat  are  reni  crjpto-doiiblBfl,  only  one  member 
of  which  emits  any  perceptible  light.  With  tbeae  the 
heaveoa  may  bo  aaid  to  awarm. 

A  Dumber  of  interesting  qiieationa  are  auggeetcd  by  the 
vast  numbers  and  aiugulat  relationghips  of  dark  starB.  What 
U  theiT  history  ?  What  Iheir  di-stmy  ?  What  th«ir  fuuutioa 
tin  the  tinivtsrsal  ncheme  of  things  ?  The  view  t'oniinonlj'  laki^n 
of  them  ie  that  they  are  antiquated  aiina — euns  in  a  state  of 
aenile  decuy — auiiB  thaL,  buving  used  up  their  mdiative 
vitahty,  aro  relegated  to  a  lower  cgamic  plane.  Such  there 
mist  be,  unless  regenerative  machinery  be  at  work  to  supply, 
in  some  unimagiiied  way,  the  perennial  waste  patent  to  our 
senses,  Suaa  wear  out,  yet  do  not  incur  annihilalion.  They 
must  survive  their  faculty  of  ahining.  Immense,  but  strictly 
limited  reservoirs  of  oueryy,  they  are  eonstructcd,  not  for  its 
economical  etorage,  but  for  ite  rapid  expenditure-  Its  OK- 
baustioL,  whicb,  to  our  apprebeuaion,  is  simply  a  question  of 
time,  will  leave  them  gigantic  earths,  solid,  inert  globes,  with 
only  their  gravitative  force  unimpaired.  That  quondam-suua 
of  this  description  pursue  their  unnoticed  journeys  through 
space,  cannot  reasonably  be  denied ;  they  undoubtedly  swell 
the  boets  of  dark  eUirs ;  yet  there  are  indicatiooB  that  these 
are  not  mainly  of  the  effete  quality — that  they  do  not  merely 
represent  the  tapttt  'Biortuwo}  resulting  from  ons  inexorable 
evolubiDiiary  procesfi. 

The  frequent  association  of  obscure  with  brilliantly 
luioinouB  stars  is  very  remarkable.  Algol  and  its  compauion 
make  a  typical  instance.  They  ato  assuredly  of  contempor- 
aneoua,  and,  judging  by  the  usual  criteria,  of  compamtively 
recent  origin.  The  cloaeaesB  of  tho  system  formed  by  them 
denotes,  on  the  theory  of  tidal  evolution,  that  it  has,  during 
uo  very  long  time,  been  subject  to  euch  modifying  influence ; 
and  Algol  itself  boars  all  the  marks  of  etellar  juvL>nility. 
Another  specially  instructive  example  among  non-eclipeing 
binaries  is  afforded  by  Castor  Here  a  great  Sirian  sun  has 
on  obscure  and  a  briUiant  attendaut  circuUting  respectively  Ju 
less  than  three  days  and  in  several  hundred  years.  New  the 
remote  com pooeul  must  have  aeparaK^  from  the  parent  sphere 
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king  before  the  dose  tiatollite  cHine  into  being;  yet  it  in  at  the 
»£mK  of  vitality,  while  tliat  of  the  junior  etai  is,  so  &r  as 
T&diative  eyraptoms  can  tell^  already  apeot.  Nor  ia  ttcrc  any 
warrant  for  aaBumiiig  that  they  di0br  considerably  in  tuaaa 
Indeed,  whatever  disparity  thera  may  be  is  jqfjD  bs  likely  as 
not;  to  be  in  tK&  wrong  direttion.  A  doubt  thus  arises  whether 
the  shining  of  suns  depends  solely  upon  temperature;  for 
gradatiouB  of  cooling  caunot  possibly  account  for  the  abrupt 
contrasts  of  luminoaity  metF  with  in  nmtually  revolving  globee. 
Irreeistibly  the  hypotheeia  presents  ileelf  that,  among  the 
varieliea  of  the  cOHmoH,  there  may  be  a  multitude  of  bodiea 
conditioned  iii  mo3t  respecU  like  Runs,  but  which  have  never 
nltained  U>  the  [icwsesaion  nf  a  pbotosiihere,  and  have 
consequently  remained  impsHect  radiators.  The  formation  of 
the  darling  cloud-ehell  by  which  auita  are  viaibly  bo^inded,  is 
o  bultiing  enigma.  It  niUHt  iuTolve  an  intricate  combination 
of  circumatances.  not  always  perhaps  reaUeed.  Should  any  of 
them  fail,  a  "dork  star"  would  residt — -a  body  intensely  hot, 
yet  deptitut^  of  thB  appwratus  requisite  for  the  eifective  diffudon 
of  li^ht  and  heat. 

We  can  now  sec  that  the  obecurity  of  temporary  stare 
previouQ  to  their  audden  illumination  doea  not  necessarily 
imply  that  they  were  effete.  Their  galactic  preference  also 
ftT^ues  the  contrary.  The  Milky  Way  is  apparently  a  region 
where  development  has  not  gone  Tar.  Tliiugs  Are  there  more 
nearly  iu  their  primitive  etate  than  elsewhere  in  the  sidereal 
world.  (Growing  and  floiTriehing  suns  seem  to  congregate  in 
that  vast  [gathering -ground,  rather  than  those  that  have  seen 
better  daya  Hence,  if  atellar  apparitions  signified  the  re- 
kindling of  stars  sunk  to  extinction  through  age^  the  Milky 
Way  is  precisely  the  part  of  the  heavens  iu  whicli  we  ahould 
leoet  look  for  their  occurrence.  That  they  frequent  it  almost 
exelustvdy,  helps  to  convtuce  us  that  their  antecedent  dimness 
was  not  due  to  decrepitude.  This  inference  is  confirmed  by 
the  character  of  their  spectra.  The  light  suddenly  acquired 
has  the  quality  cousiUered  to  mark  an  early  stage  oF  sidereal 
development.  The  blaze  i^f  a  helium  F^tar  con  with  dlfBcolty 
be  supposed  to  proceed  from  a  highly-condensed  or  eemi- 
solidified  body. 

Dark   etara  must  then,  on  this  sbowingi  be  divided  into. 
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two  classes,  the  £rr^t  Gonsistrng  of  suns  on  the  retired  list*  the 
eecond,  of  those  incapacitated  hy  nature  for  active  service.  Thar 
discrimination  in  pructice  can  scarcoly  be  efTpcLod,  wUh  our 
present  reeourcea,  otherwise  than  tentatively  or  by  conjecture. 
StJIi  tt  inay  not  ba  in  all  coaea  hopclcds.  To  take  one 
inetftnce.  The  eystem  of  51  Cygni  ie  held  bj  Wilaing  of 
Potsdam  to  include  one  or  more  unseen  members.  If  so,  their 
pUic^r — since  the  associated  yroup  Vars  many  marks  of 
antiquity — should  \ig  found  among  lapsed  Bims.  And  thia 
fiuggeata  the  further  thought  that,  in  a  few  more  ages,  the 
entire  family  may  have  ceoeed  from  radiAtion,  and  will 
continue,  in  the  rayleas  void,  to  tiUhl  their  mutual  rounds  and 
pursue  their  way  towarda  an  unknown  goal  Thau  many  euch 
blind  systems  exist,  iiiacjefisihly  to  observaticai,  is  n  conjecture 
which  taa  neither  be  verified  nor  refuted. 
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Thi    variability    of    Btara    is   a     '*  wood    of    error."     There 

aeems  do  exil  from  it;  the  tra.ckR  that  invite  our  ideas  to 
enter  upon  them  titnt  out  cireuitous  aud  misleading.     Yet  il^ 

cxplonitioii  tiocd  not  therefore  be  abatidonei  ns  hopeleas ;  and 
indeed  lint*  of  approach  ait.*  converging  upon  it  from  njan^r 
directiouB  ia  a  mannur  that  prooiiaeB  wetl  for  the  future 
elucidation  of  much  that  i«  atill  myst«riou8.  In  the  meau- 
time,  yVG  cuu  ab  \mal  ^.ttempl  to  arrange  thu  known  facts  in 
aome  kind  of  definite  order. 

Stellar  ligLt-changc  is  of  two  foodamentallj  separate 
deecriptionfi.  The  firat  may  be  termed  "  extrinsic,"  becauae  it 
obviously  depends  upon  circumsianceB  not  Inherent  in  the 
hotlieR  it-  rtfTectfl ;  the  Hecood,  "  intpiuflic/*  as  rPHulting  from 
conBlitutional  pt^uliarlties.  They  are  readily  diatiuguiiiJialjle 
by  the  nature  of  their  time-relationa.  Punctuality  matka  the 
former  kiod,  a  large  measure  of  irregularity  the  latter.  The 
difference  tiecomes  intelligiblo  if  we  admits  aa  we  reasonably 
mjiy,  that  short-period  or  ertrinsic  variability  belongs  ei- 
clusively  t-o  eompoitnd  objects,  long-period  variability  to  solitary 
maflse^l.  In  no  case — except  where  darkening  by  eclipse  un- 
miataUablj  occurs — can  wo  deiinc  the  kind  of  action  to  which 
the  observed  vici^tudes  are  due  ;  but  Ihe  power  lately  ncquircd 
of  (Jiseemini,'  between  the  *' forced"  periods  preaaribad  by 
orbital  reliitions  and  the  "  free  "  periods  detenniiir:d  by  ftuctuat- 
ing  interior  louditicna.  marks  an  import^ant  step  in  advanoe. 
The  ciicuuistant:e,  although  iinaceoiintable,  should  not  be  lost 
eight  of  that  celipaing  and  non-oclipsing  variables  diverge 
somewhat  emphatieally  m  the  character  of  their  epeotra.    Those 
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of  Algnl-stara  belong  lo  bhe  ^mi  t)7>e,  dften  bo  lliu  belinm 
diviaian  oT  it-;  those  or  (Jepheid  fltars  are  inowtly  noUr;  ard 
although  enlarged  experience  tuny  tend  to  invalidube  theae 
gooeralisationfi,  it  maj-,  on  the  other  huud,  aarvc  to  T^atHnu 
them-  The  flpectrograpbic  study  of  globuliu'  clusters — a  task 
for  the  immediate  future — should  help  greatly  to  widen  the 
haseB  of  knowledge  rey;ardiiig  this  cinioua  relation;  hud  (he 
diligent  coUectioD  of  illustrative  iiiBtaocefi,  hy  Iiinitiug  the 
extent  of  it&  prevalence,  may  throw  dome  hght  upon  its  cauee- 

Tho  Becret  of  short-period  VDjiahility  oEfera  few  points  open 
to  atCftok;  but  an  attempt  might  be  made  to  penetrate  some 
of  ita  outworks  by  comparing  the  aystemic  conditions  of 
Hteadily  litetrous  clo«e  binaries  with  those  of  pairs  iluctiuilriiig 
in  magnituda  Stiua  of  the  same  epeclial  daea  should,  for 
the  aToidance  of  complications,  be  choeen  for  confrontation, 
I'oloriB,  for  instance,  ff  Ursie  Mnjoris,  \  Andromedi£,  are  BOlar 
orbs  revolving  swiftly  round  invisible  companioiiB.  In  what 
respects,  it  will  be  of  interest  to  ascertain,  do  their  orbiDs  differ 
from  those  of  the  variallea  B  Cephei,  vj  Aquilfe,  und  ^  rieniJn- 
OTum?  Are  they  markedly  leas  eccentric?  Can  they  be 
inferred  to  be  more  epacious  ?  No  real  discrimination  may 
be  poaeibLe,  and  \i  so,  this  line  of  search  fails,  and  some  other 
must  be  struck  out^  But  it  is  cleur  that  only  tentative 
inquiries,  purgued  untiringly  and  enccessively,  can  avail  no 
bring  ur  nearer  to  the  central  truth  we  Jire  in  i]uBst  of. 

The  ligbt-chaugoa  of  stars  are  determinate  in  amount  jitst 
in  proportion  afl  they  are  accurate  io  period  Irregularities  of 
one  kind  are  concomitant  with  irregiilantiee  of  the  other. 
They  reach,  in  long-period  variables,  the  limit  of  total  dis- 
regard of  traceable  law.  For  one  settled  cause  of  vatiabiliiy 
a  nuuilwr  of  consilient  causes  would  **em,  in  such  ohjecte, 
to  be  substituted.  Should  their  co-operation  break  down — 
should  one  among  them  become  temporarily  ineffective — every 
vestige  of  cyclical  recurrence  may  diaappear-  And  it  is 
important  to  note  that  stars  with  disturbed  periods  merge,  by 
insensible  di^^ret^.  into  stars  witTi  no  perioda  at  alL  Other 
stars  allow  intermittent  peciodicily.  They  fltart  cyclical  varia- 
tions only  to  drop  them  after  a  few  recurrences,  the  alternations 
being  oft^n  repeated  at  indefinitely  prolonged  inter\-alfl,  A 
law  of  order  is  present;  it  has  not  been  abrogated;  but  ita 
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workings  are  almost  Qeutralisc<l  b7  adverse  influencdB.  Then 
iigaiii,  stars  are  found  sabject  to  tmcertpain  acceffies  of  light- 
cbange.  Fits  of  insubility  of  Ihe  moflt  marked  kind  may  be 
foUowai  by  loog  e[XDch8  of  constancy,  as  in  the  case  of  P 
Cygni,  and,  perbapn  we  may  add,  of  7  Oarinffi;  and  many 
objects  rejected  from  reTiped  cfitalognea  of  variables  aa  baring 
filled  to  roake  gCKjcl  tbctr  title  to  inelueion  arc  Hiuiiarly  stars 
repoaing  &ft«r  more  or  \Gm  protracted  crises  of  activity.  The 
relations  of  stellar  fluctuatiinrts  to  time  are  indeed  unliinitedly 
variou**.  Thfj  are,  liowever,  clmrac tensed  by  one  feature  which 
persiato  sigriificaably,  though  far  from  immutably,  notw^th- 
Bbamling  bbe  disguiging  effects,  in  Mira-variitUes,  of  accelerated, 
rotiirJiid,  and  dupUcaled  pJxaeea.  Thb  ia  the  mow  mpid 
increase  than  decrease  of  UgbL  It  is  strongly  pronounced  in 
Cepheid  and  cluster  variables;  it  asserts  itself  with  modUica- 
LioriH  ill  varialileH  of  loug  period;  in  the  sun  it  \r  iioTer 
obliterated  by  the  supervening  irregularitiea  of  the  apot-cycle. 
Tlire  wide  range  of  agreement  binte  nt  some  docp-aeatcd 
principle  of  community,  undefiuable  at  preaent,  and  intatigibU 
to  our  mt^ntal  grasp,  yet  lying  at  the  root  of  the  diverge 
phenomena  of  stellar  light-change. 

Their  hiJecific  ateotiiatiou  with  partieuUr  spectml  types  is 
a  fact  replete  with  meaning,  no  lei^a  than  the  exemption  from 
variability,  complete  or  partial,  of  whole  elaSBCB  of  atara 
Taking  first  the  nogntive  oaseB,  we  find  the  Wolf'-Rayet 
family  eb^iracterised  by  eicceptional  atataility.  Not  one  of  ita 
five-HHira  members,  so  far  discavered,  ehows  ihe  siuallesl 
symptom  of  lumiuoua  variation.  Nor  aiti  ibeir  congeDers. 
bnghb-line  heliuai  atai-a.  ordinarily  affected  by  it  Those 
that  are  so  alfeoted  betray  qaalities  in  some  way  unusual 
Among  them  are  to  be  reckoned  nearly  all  temporary  stars,  the 
singular  ^hort-period  variable  in  Lyra,  ^  Carinsp,  and  P  Cygni 
Nebulous  stars  ai-e  not  as  a  rule  variable.  The  Pleiades 
shine  with  approximate  constancy;  the  star-groups  at  tlte 
hearta  of  the  great  Orion  and  Trifid  nebulai  give  no  conopicd- 
oua  sign  of  fiuotuatiOQ ; '  and  ieolated  stars  with  nebular 
appurtenances  are,  for  the  most  part,  steady  light-giveifl. 
T  Tauri,  however,  miikea  an   exception ;   and  disappearances, 

'  I'lia  liTLli  uiil  i^iith  atAm  of  tlie  trajioEliim  hare.  howeTer.  certainlj  gained 
brightD«uorUrp,     Caruu  ^i>lti.  Aitr.  ^lefu  T^o.  3751, 
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transient  or  lasting,  of  certain  minute  Btellar  deum^ns  cf 
planetary  nebula  have  been,  from  time  to  time,  asserted  or 
surmised.  White  etara  of  either  apeetml  variety  are  scarcely 
ever  intrinBically  variable.  As  epectroBoopic  doubles  they 
arc  indeed  subject  to  obacumtion  by  eciipae;  aa  tele«;oinc 
doubles,  to  slight  and  capricious  ductuutioEa  in  tho  nuignitudcB 
of  one  or  hotb  components,  disconnected,  apparently,  ironi  any 
of  tiieir  orbitrtl  cirootuatiincee.  Only  thiee  (ijdrogen  or  belium 
etpara  are  katiwD  to  lie  yjLriable  in  any  true  aenpei  these  ftre 
u  Herculifl,  U  Qeminormn.  and  B*  Gygni;  and  the  rarity  of 
this  aaaociatioQ  of  quulitiea  makes  it  eapecijiUy  desirfible  that 
their  apectml  difltioctioas  should  be  scrutinised  with  the 
utmost  care.  Very  few  second -type  stars  vary  otherftiee 
thtiii  BxtrinBically.  Nor  do  they,  tliat  we  yet  know  of, 
uodergu  ecUpseH.  Yet.  many  are  bioaries  of  the  Ceplieid 
kind,  and  thoa  become  compuhorilt/  variable.  Th«  solar 
quality  of  light  must  be  regarded  ae  highly  favourable  to 
Bteady  radiatioo. 

Just  the  reverse  is  true  where  banded  absorption  comes  ijL 
Stars  of  the  third  and  fourth  spectral  types  are  not  only 
pre-eminently  variable,  but  they  vary  a-linOBt  without  eicep- 
tion  irregularly,  or  in  long  periods.  No  spectroscopic  binflrieSn* 
no  Ccpheid  or  Algol-Btars  have  been  found  among  them.  In 
the  character  of  their  light-t^hau^e,  the  two  etaflsee  of  stars 
with  banded  spectra  are  indistinguishfible.  But  their  spectro- 
scopic study  has  brough t  into  fitroug  relief  the  different  conditioDB 
of  gaaeouH  innandeHcenec  prevalent  in  eiit^h-  Tr  fourth-type  Htara 
it  keeps  aloof  &om  Huctuations  of  brigbtnesa;  the  eame  vivid 
Lnes  gleam  in  variablea  ami  non- variables ',  nor  do  they  seem  to 
kindJe  or  fade  in  correspondenue  with  the  general  light.  Those 
that  are  visible  in  Ihird-type  stars,  on  the  contrary,  Are  an  ex- 
cluHive  and  unfailing  mark  of  extensive  variability,  and  attest,  by 
a  sympathetic  courae  of  development,  their  intimate  connection 
with  its  procesaea.  All  this  teaches  us  that  the  proccasee  in 
question  have  their  oeat  in  limited  regions,  and  are  in  a 
measure  detached  from  the  fiction  going  forward  in  other  pG.rts 
of  the  aam&  stellar  atructurea.  Now  variability  of  the  kind 
prevalent    in  stars  with   banded  spectra  (as  we  know  from 

^  Tlie  ndidL  fflliKity  of  n  OtmiiLanim  prarcd  variable  ou  C^mpbgtrfl  eJt&mink- 
tJoD  Lit  1002.     LUA:  Buliittn,  Ko,  20, 
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certaio  of  their  spectral  traits)  origiiuites  in.  or  nmnediatdy 
above,  the  photosphcra  Remote  from  the  photoephcre, 
acGurdingly,  miiet  be  the  location  of  the  emitting  j^^^bseoue 
strata  in  fourth-type  etaraj  since  thi;  raya  emanating  trom 
them  ahine  uiidiHturhed  by  the  progreA8  of  the  moat  con- 
«ptuuouH  luminoLie  victsHitudes.  Hence  the  ohviouH  deduction 
that  these  are  oonditicnud  by  internal  peculiuritiea  The 
brjlliftni^y  of  Btare  depends,  cirterU  paribun,  upon  the  rate 
of  transporl  from  within  outward.  Variability  in  an  index 
to  circulatory  chjinges.  In  addition  to  this  immediate  cause, 
collateral  iufluenoes  doiibtlesa  come  into  plAy^— foroea  which 
co-operat«  Jind  combine,  or  mutually  nullify  one  another, 
but  so  obacurcly  to  ub  that  there  can  be  no  profit,  in  the 
present  state  of  knowlodlge,  in  proeecutiog  what  could  be  no 
more  than  a  conjectural  incjuity. 


CHAPTER   XXVIT. 


iREKt^aLAE   STUt    GLU8TEK9. 


Stars  associated  Ic^thttr  into  commuDitleB  are  probftbl^  Kubjeut 
to  mutual  iafluencefi  of  special  kinds.  With  the  telfttiTe  move- 
menta  produced  in  them  bj  the  abrees  or  pull  of  gravity  we 
are  Dot  horo  concerned  ;  they  form  an  eztracTdinnnly  mtarefiting 
subject  for  futuje  inquiry,  but  iia  yeb  no  hint  of  their  method 
Ih  derivable  irom  tlie  Hcuuly  maUsriiilH  ut  hand.  The  phyBicH 
of  clueterSj  however,  falla  within  our  scope,  and  is  a  topic  more 
immediately  acceadble.  lb  ia  open  to  disouBsion  chiefly  in 
two  waya — by  studying  the  spectral  pecoliaritieB.  and  the 
luminouB  variability  of  the  componoat  objects. 

It  ia  not  always  easy  to  distioguifih  between  a  caanal 
"  apriukle "  and  a  true  (^luater.  The  Pleiaded  are  the  only 
family  of  Htars  which  ehowH  a  wandering  tendency;  the  rest, 
are  {tdscHpti  gldbw ;  they  hsTc  no  common  drift  by  which 
Ihcy  could  be  set  apart  from  casual  inmatee  of  the  eame  sky- 
regioUn  There  remains  the  argument  from  probabilities  of 
distribution,  with  its  iadefiaite  varialione  of  tonclusiveneas 
aucording  to  the  circumfltancew  of  each  partieuLir  i^nm.  Yet 
ib  uHuoUy  snffieea  for  oonvictioo.  None,  at  least,  of  the 
five  huodred  registered  cluatera  preaent  any  real  ambiguity  of 
character,  although  many  oiher  groups  doubtless  subsist  un- 
recognised  because  poor  in  numbert^  and  loosely  featteced. 

Two  varietiee  of  stellar  collections  can  be  readily  diB- 
criminated.  One  is  chHi'aclerised  by  a  spherical  form;  the 
constituent  bright  points  preaa  inward  towards  a  centre ; 
they  aggregate  into  "  globular  clustCTs."  Those  termed 
*' irregular"  appet^r  lo  bo  constructed  on  u  difierent  plaa- 
Very  slight  traces  of   interior  condensation  are   perceptible 
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in  bbem ;  thej  ure  made  up  of  star  streamiSi  br&ncbes.  j^od 
flpirab,  more  or  iasa  closoLy  intertwined  and  commmgled, 
A  glittering  assemblage  in  Gemini  (Meaaier  35)  has  an 
obviougly  riiilia.ttid  BlprucLOTti.  Lard.  BosBG  wilb  Btrudc  wilh 
wonder  at  the  amuigemeDl  into  loops  and  archee  of  ihe  stars 
in  M  37,  a  aimilar  object  ia  Amiga.  Still  more  definite  and 
ama^^mg  are  the  "  pattenifl,  oonaiating  of  linea,  wi^eatlis,  and 
carves  of  atars/'  in  Dr.  Hoberts's  photo^^ph  of  a  cluster  in 
CaRBJopeia  (N.G.C.  7789),  taken  with  an  exposure  of  ninety 
mimiT-es,  26th  Novamtier  1892.  The  effect  of  a  maraliaUed 
aira^  ia  irresistible. 

Interior  racanciea  eeem  correlalive  to  a  streaming  con- 
formation. They  perhaps  represent  apota  denuded  oi  their 
bri^rht  inhaUtant^  by  the  action  of  aome  unknown  expulsive 
force.  Irregular  cluaters,  at  any  rate,  are  often  remarkably 
perforated  or  furrowed.  Some  are  rendered,  by  the  develop- 
ment of  *'  dark  lanes,"  eaaentially  bifid  or  trifid.  The  well- 
known  star-throng  in  Antinoua  (M  IIJ  is  broken  op  by 
partial  elooriags  ia  a  manner  BUggeative  of  eventual  dtaruptioD- 
The  breaches  in  the  masonry  (so  to  epeak)  are  finely  shown 
in  a  phocagraph  lakeii  by  Dr.  Roberta,  10th  August  1896, 
reproiiuL^l^  by  his  kind  i)ermt&fiioii,  in  Plate  XIX.  M.  Fenet, 
from  an  earlier  Crowborough  plate^  mapped  335  componeaLa 
of  this  cluster,  wliich  includes  altogether  about  1200.  and 
remarked  that  most  were  entitled^  by  the  tloae  attendance 
of  aatellite-atars,  to  be  regarded  aa  forming  multiple  ayat^ma' 
Their  coUtfctiou  into  aeven  or  eight  etFparate  allolioenla  was 
evident  to  him.  and  could  not,  he  thought,  fail  Ui  l>ecome 
fnrther  accentuated  with  time.  All.  nevertheless,  yield  apparent 
allogiance  to  a  ninth  -  magnitude  star,  which  fully  aextnplea 
the  brightness  of  any  of  ita  loUowerSn  A  spectroscopic 
examination  of  this  object  would  be  desirable-  Thti  general 
quality  of  its  light  might  be  readily  ascertained,  and  the  do- 
t€otion  of  motion -displacemeuts  need  not  be  {lea^Niired  of  A 
catalogue  of  two  hundred  members  of  this  brilliant  aaaembloge, 
referred  to  their  leader,  waa  drawn  up  in  1870  by  h\  K, 
Helmert,  and  compared  with  meaaurca  executed  by  Lamont  in 
1836-39*     The  agreement  waa  complete  within  the  limits  of 
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piobable  error ;  uo  diacrepaucieH  betruyed  ahiftings  of  relnlive 
position,  although  eure  proTision  was  made  against  their 
unuoticed  oeourrence  in  the  future. 

Hetmerb  considered  eeveral  of  the  stare  observed  by  him 
to  be  slightly  variable ;  but  their  cbangee  made  no  &how  on 
the  ArBquipa  platus  of  the  fluster.  Since,  however,  they  were 
taken  at  an  intervul  of  a  few  da.ya,  only  variables  of  ^liurt 
periods  or  rapid  Wciasitudea  could  huve  been  disclosed,  and 
Done  auch,  it  ia  3afe  to  eny,  jvre  present.  Yet  therj  ia  eomo 
probability  that  a  temporury  member  was  added  to  the 
group  upwards  of  eiity  yenra  ago.  On  the  12th  of  August 
1839,  Lamoul  entered  No.  9  on  hia  list  aa  a  "new  j;tar"i 
be  bad  not  perceived  it  before,  and  on  the  eoauing  9bh  of 
September  it  wjib  gone.  Uebncrt  did  nob  expreaaly  look  for 
it,  but  could  onJy  have  miaedd  fleeing  it  through  ita  extreme 
fointaeaB.^  Indeed,  it  was  most  likely,  by  that  time,  as  hope- 
le&flly  extioct  as  Nova  Andromeda  now  is.  The  atars  of 
Mil,  although  devoid  of  uebuloua  altm-hiiienta,  are  whown  in 
oae  of  Professor  Barnard's  small-scAle  photogru-pha  to  form  & 
kDot  at  the  margin  of  one  of  the  great  cloudy  fonnationa  in 
the  Milky  Way.  their  actual  nuclear  relation  to  which  he 
regards  as  '*  hardly  questionable,"  ^  Thia  may  be ;  the  sup- 
position ia  plausible ;  yet  it  is  a  long  way  from  being  de- 
monstrable.  Meanwhile  the  pmctieal  inquiries  to  l)e  made  in 
conoection  with  the  cluster  are  these  two :  What  ifl  the  Bpectnim 
of  its  leader  star?  and.  Do  any  of  ita  components  vary  in 
light? 

The  lovely  double  cluster  in  Perseua  (N.G.C.  86a,  884) 
resembles  it  in  being  tiou-uabuloua,  perhaps  also  in  poaaessing 
galactic  affinities.  The  twin  groups  are  known  respectively 
as  h  and  y^  Persei.  Their  tonnection  ia  remote;  dj-namically 
they  can  wicjt^ly  be  mutually  dependent,  but  they  are  of 
closely  analogous  oonstruotioni  and  their  components  are 
similarly  linked  into  festoons  and  spirals."  None  of  them  can 
l»e  perceived  to  drift,  ubsolntely  or  relatively.  TJiJs  was  put 
to  the  teat  in  1884,  when  L72  stars  ui"  x  Persei "  were  phobo- 
graphicaily  determined  by   O.   Lohse   for  confrontation   with 


^  Astivj/h.  Jtmm.  voi.  L  p,  11. 
'  Roborta,  Cdcatial  I'/uiOfrophs,  voL  i.  p.  9$. 
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the  rcaiilta  <^f  Yoget's  tuicromotric&l  meoEurGs  ol  them  fourteeii 
years  earliern^  Their  seeming  iramobiUty  will  probably  bo 
maintained  for  many  decades  yet  to  come.  Vogel's  specioJ 
catalogue  of  the  thirty  brightest  among  them  (all  above  the 
tenth  magnitude)  nii^^bt^  neverthele^,  usefully  be  revised, 
from  the  photometric  poiub  of  view,  for  tlie  pm'pose  of  detect- 
ing poseibb  alberationa  of  brillioitcy^  The  task  would  be  the 
mors  hopeful  that  eomo  of  the  objects  in  queetion  have  a  note 
of  colour.  A  "  ruby ""  star  was  allotted  a  central  position  in  ^ 
Pereei  by  Sir  John  Herschel ;  ^  the  Parsonatown  reflectors  dis- 
played  rosy,  yellow^  and  bluish  tints  in  many  of  its  aparkling 
associates  i  and  Mr,  Espiu,  much  more  recently,  located  in  the 
oiitekirtB  of  the  cluBtor  eight  rcdditdi  Htare  with  tlutcd  ^ectra.^ 
These  may  be  expected  to  prove  more  or  lees  variable,  though 
not  In  the  prompt  and  detinite  fashion  prevalent  in  globular 
asHemblHifes. 

Profefisor  Barnard  recogninefi  two  varieties  of  irregalar 
cliistera — the  pnrely  stellar  and  the  nobuloualy  stellar*  They 
aan  be  distiuguishod  witli  certainty  only  by  chemical  means. 
Long  photographic  expoeurea  are  needed  to  test  aatisfactorily 
the  condition  of  grouped  stare^  The  characCeiiBtie  nebulosity 
of  iiifLny  clusters  may  in  fact  he  counted  one  of  the  most  import- 
ant discoveries  maJe  with  the  assietance  of  the  camea:a.  But 
at  present  we  are  dealing  with  the  non-nebulous  kind,  such 
as  the  Hyadcfl  and  Pritscpc  in  Cancer. 

Aldebaran,  the  great  red  "eye  of  the  Bull,"  is  in,  but  not 
of  the  Hyades.  The  disconnection  will  be  i-endered  obvious, 
and  the  relative  drift  morp  precisely  dcfioable,  when  the  radial 
movements  of  tlie  several  stara  can  be  spectroseopic^ally  fixed. 
This,  indeed,  ia  already  feasible^  weie  it  not  that  the  great 
telescopes  of  the  world  are  otherwise  occupied. 

Forty-five  stars  in  Priesepe  have  been  located  with  rigid 
accuracy,  Winnecke's  observntions  of  them  in  1S56,  Asaph 
Hall's    in    1S70,    above    all,    Schur'a    Catalogue    for    1875,* 

1  Btr  SUrnMa^rttt  X  Ptnei,  1»7S,  p,  30. 

<  PAii.  Tranr.  voL  cutxiLi.  p.  373^ 

'  Wvbb,  Gel  Ot^vU,  vA.  Eopiu,  vol.  u.  p.  200. 

'  Avtr,  oTvI  Aftrofjhffncit  voL  liii.  p.  1^0. 

*  AMirfM.  Afiiih^iliiiiiffn  der  kin.  SterrtaoTU  »  GOUmgrr^,  Th.  iv.  -.  eevabo 
SohlMingvr^i  "  Mnuitrr^innit  rti  the  RudiErTon]  Phologrjijihi  of  the  PTmapa 
CToup,"  Cvntrihutiimsjrffm  /Ar  Coiumbin  Uniiftraitif,  No.  1£,  189S. 
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Uborioualy  constructed  fhiiii  a  triiuigulalinn  with  ttie  C^it- 
tiugea  heliometer,  ecsure  the  deLrecUon  of  their  future  move- 
ments. They  ore  estremelj^  miuuta  In  the  com-ae  of  tHity- 
two  years  they  produced  eBecta  ao  amoll  as  to  be  barely 
detenuinable.  The  spectra  of  ninety  membere  of  this  fiteUur 
family  were  photographed  in  or  about  the  year  1896  at 
Harvard  CoUagH.^  Owing  to  their  ffi,iiil.itefls — they  ranged 
Irom  6'5  to  95  magnitude — the  details  of  thetr  classification 
renuiined  uncertain;  but  the  one  main  fact  wae  brought  out 
that  the  collection  is  of  miied  quality.  It  doea  not  seem  to 
be  expressly  oBsot^d  in  any  way ;  no  spectral  pattern  can  l>o 
called  predominant.  Twenty-eight  of  the  ninety  aseociateB 
were  recoriled  o^  Sirijm,  sixty-one  as  solar  or  intermediate 
stai8»  and  the  third  type  wtte  repreaentad  by  a  soKUu-y  npeci- 
nien;  that  is  to  say,  the  percentage  of  firat-tjpe  epectra  tn 
Prieaepe  iB  thirty-one,  while  it  riaea  to  sixty-five  in  the  Pleiadee, 
and  sinks  to  fifteen  in  Coma  Bdrentcea.  In  thiB  last  aaterifim, 
however,  the  stars,  although  crowded,  are  not  cfiisteredr  Yet 
their  crowding  ohtainfi  signiiioaEiee  tlirou^h  ProfeHHor  rickering's 
notiee  of  their  almost  exclusively  ^olar  character. 

A  epectrographic  aurvey,  carried  out  at  Harvard  CoUege, 
of  four  flouthorn  clustei'a  of  the  coarse -grained  or  irregular 
ddflcription,  haa  lifted  another  corner  of  the  veil  &om  this 
department  of  astrophyaica.  One  of  theee  objects,  still  un- 
catalogued,  is  situated  in  the  ni?i|^hbourhood  of  vj  Garinu^ ;  a 
a«cond  fN.G.C-  3523)  ia  not  far  off;  the  third  and  fourth 
(N.G.O,  6405  and  6475  =M  6.  M  7)  are  found  in  Scorpio. 
The  plates  exposed  showed  in  the  aggregate  705  spectra 
capable  of  characterisation,  of  which  576  were  unmistakably 
of  the  first  type.'  The  average  proportion,  then,  of  hydrogen 
stars  in  these  four  chistera  is  83  per  cent.  Half  n  dozen 
helium  stars  wei^e  Identified  in  the  anonymous  group,  none  in 
t]»e  rest.  On  the  whole,  Bpectral  luiiformity  may  be  con- 
sidorcd  the  ideal  etato  towards  which  most  clusters  tend;  it 
would  perhaps,  if  accidental  compouenta  could  be  eliminated, 
prove  to  be  more  nearly  ^eali^<ed  than  it  et^ems-  In  this  con- 
nection it  is  of  interest  to  note  that  M  37  in  Auriga  conaiate 

'  Ilareard  AnriaUf  vol-  nt*!,  pt  iL  pL  Ufi<. 

^  W.  C,  K^<]t^  OtnUrihutitm  /ram  the  Cotwnbiu  Unvverwtty.  ]To.   16,  IftOO. 
tL  476.  *  NitTtArd  A^vnaU,  vol.  utl.  ^  285. 
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wholly  of  yellow  stara.  preaumablj  belonging  to  the  solar 
ciasa^  The  sky,  in  Admir&l  Smyth's  phrase,  Appears  in  that 
apot  UB  if  strewn  with  gold  dust.  The  companion  duetcT  in 
Gemini  is,  en  the  other  hand,  reapUndently  white ;  and 
Dunlop  registered  at  PaTanrntta  a  bluish  globular  clustei 
(N.G.C.  6723)  Vikvly  to  be  pm-lced  with  Siriau  aLara 

The  jeweL-cIuflter  about  «  CmciB  ia  differently  organised. 
Harmonies  of  contrast  rather  than  of  consonance  may  here  be 
observed;  but  the  collected  brillianta  display  their  various 
tinta  eflectively  only  in  the  fields  of  large  telescopes.  From 
measures  of  130  of  them,  Mr,  Russell  of  Sydney  derived  in 
1872  ostensible  evidence  of  comparaUvely  rapid  interstJtijil 
movemeuts  during  the  thiity-£ve  ye^B  elapaed  since  the  date 
of  Sir  John  Kerschel's  corresponding  work ;  bat  until  a  freah 
Bet  of  determinations  ^ires  assurance  that  they  are  pursued 
systematically^  little  weight  can  be  laid  upon  discrepancies 
otberwiae  explicable.  His  suspicions  of  variability  in  twenty- 
five  components  have  not  bo  far  been  verified.  Several  are 
bright  enough  to  show  dietioctive  apectran  the  nature  of  which 
it  would  be  particularly  interesting  to  ascertain.  This 
beautiful  object  lies  near  the  northern  border  of  the  "Coal 
Sock," 

Irregular  clusters  obviauidy  form  systems  of  extreme 
intricacy.  They  oanuot  be  pieces  of  mechanism  set  in  aetion 
by  eorae  uniformly  operating  motive  power.  Their  aspect  is 
in  most  cases  inwoucilable  with  the  hypothesis  of  a  dynamical 
equilibrium.  Few,  if  anyj  betruy  by  movement  or  conforma- 
tiou  the  influence  of  a  preponderating  centre  of  attracticn. 
They  rather  suggest  incoueeivably  complex  aggregations  of 
pnrtiftl  ayslems  bound  together  loosely  nor  perhaps  indisaolubly. 
The  investigation  of  their  mutual  relations  will  tax  the 
resources  of  the  old  as  well  as  of  tho  oew  astronomy.  Some 
of  the  problems  to  be  confronted  have  just  begun  to  take 
shape,  others  loom  on  a  remote  horizon.  As  a  prelude  to 
dealing  witli  them,  the  separation  might  gradually  be  effected 
of  the  really  physical  &om  the  merely  o|jti(.-al  comijonents  of 
cluaters.  The  process  will  be  greatly  facilitateil  by  the  ready 
help  of  tho  camera ;  and  the  ^low  evolution  of  telescopic  or 
tangential  diaplacemente  can  already  in  port  be  forestalled  by 
the  apectroacopic  diselo^ture  of  mdicl  velocities. 
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"Taj«gled  in  ft  silver  brAid"  of  ahinicg  wcrld-Btuif  the 
Pleiadee  stand  out  m  the  typical  nebulous  cluster.  They  give 
signs  of  not  bein^  indoGnitcly  rcmcite.  The  o^ecmbled  etArs 
have  a  cotiiiuon  drifL^  which  ie  most  likely  a  perspei;tive  eO^ecl 
of  the  enn's  advance  in  the  opposite  direction  Tf  this  be  bo, 
their  light  tipends  just  200  years  iu  reaching  Lbe  earthn 
the  rate  of  our  progrea^  towaida  the  coDStelktion  Lyra  being 
taken  &t  twelve  milee  a  necond.  Alcyone  then  radiates  at 
the  very  least  IflO  times  more  powcrfolty  tbaa  our  Ban; 
in  its  place,  Sirius  would  appear  fainter  than  the  fifth 
magnitude;  it  would  be  outshone,  uot  ucly  tiy  Llie  lucitio  of 
the  groujj,  hut-  also  by  five  of  its  i^onijianiona — by  Atlas, 
Merope,  Electra,  Maia.  and  Taygeta.  Thus  the  glory  of  the 
Atkntids  would  be  but  eh^^htly  enhanced  by  the  addition  of 
the  ereat  Dog  eiar  to  their  number,  and  the  scale  of  the 
gyetem  must  be  eommensurate  with  the  magnificent  luminosity 
of  ir^  meuibers. 

A  l[>eginning  has  been  made  in  the  discrimination  of  the 
genuine  I^leiades  from  their  optical  companions.  The  deEnite 
character  of  their  proper  motions  has  made  actually  feasible 
what  m  other  similar  colleL'tions  is  only  remotely  possible. 
The  outcome  of  ElkiD'a  meoAures  with  the  ¥ale  heliometer 
in  1S84-SB*  way  to  distinguish  forty-five  Btar«j  im^ludiag 
Alcyone,  as  insepitrable  travellers,  while  eight  proved  their 
independence  by  dropping  out  of  the  nink&  This  group  of 
forty-five  members  inay  be  repardad  as  a  rmcleus  round  which 
additional    stars  will  aggregate  as  their  movements  develop. 

■  TranwdioTv  }'iik  Ob^rnntiorff.  vol.  i-  pt-  L  1857. 
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How  lar  It  will  extend,  how  many  af  the  Biuall  stam  awaj-minj^ 
on  long-exposed  nogativo?  it  will  oventuuUy  tuke  In,  remains 
conjecturai     iLs  delimitation,  however,  ahouW  be  practicable 
in    the  course  of  a.  daoLdn  oi-  two;    for  the  comparison  of 
photographs  taken  about  1915  witli   those  of  1835  and  IS8S 
may  be  expected  to  luring  nuraeroiiEly  into  view  rekbive  dis- 
pkcem^nts  coneequent  upon  the  AbimdonmeDt,  aa  it  were  in 
midnxjeon,  of  a  m\iltitude  of  pseudo-FleiadeB  exempt  &om  the 
drift  belonging  to  the  true  cluster     Tliere  ie  rea^n  to  think 
that  this  proceBs  of  espulniou   will   have  to   be  carried  £at_       — 
The    Helf-aelecte<l    assembL^    will    prohahly    not    be    over-      I 
crowded.       Exact   nuiuerical  ioquiry   has   led   to   luany   unex- 
pected reault&i  but  to  none  more  surprisiug  thiiD  Ihat  of  the 
thitming-Dut  of  faint  Btars  within   the  area  of  the  Pleiadee. 
Professor  Bailey  counted  nearly  4000  on  a  photogra|>h  includ- 
iag  it  taken  with  the  Bruce  twenLy-four-imih  lens  in  1 897 ;  but 
their  deuaity,  aa  a  detailed  examination  made  evident,  fell  od 
notably  and  ayatematically  inaide  the  precincta  of  the  eysLum, 
"It  therefore  appears/' Profeaeor  Pickering  wrote,'  "that  the 
total  numWr  of  stars  in  the  region  of  the  Pleiades  is  actually 
leas  than  in  adjacent  portions  of  the  sky  of  equal  area,  and  it 
iH  mudi  leaa  thnn  the  C0TTeK|jfjniliii^  number   in   many  pirts  of 
the  Milky  Way/'     Regarded,  then,  as  a  physical  entity,  the 
clueter  includes  only  the    brightest  of  the  spangled   poiuta 
thrown  together  into  the  field.     The  spangles  of  the  baekgrouiid 
would  indeed  preaumably  be  still  more  numerous  but  for  the 
absorbent  effect  of  the  nebulous  mafwes  attached  to  the  brilliant 
BtarK  in  fruut  of  them.      Their  panuily,  at  leaat,  muat  be  some- 
how accounted  for.  and  thia  explanation  of  it,  eugii^ted  bjr 
Profeawr  Pickering,  aeeras  admissible,     M,  Stratonoff,'*  too,  was 
led,  by  a  study  of  stellar  distribution  in  their  neighbourhood^ 
to  the  conclusion  that  the  physical  asBociateu  of  Alcyone  aro 
comparatively  few;   and  the  citnclusion  is  the  more  intereBting 
fro:n  the  Mure  prospect  of  bringing  its  truth  to  tfie  leat. 

The  Pleiade.'i  might  be  described  as  not  merely  a  nebulous 
cluatcrn  but  as  a  cluster  of  nebulffj^ao  numerous  and  so  sharply 
charftcteriaed  are  the  cloudy  forma  collected  within  its  boilers. 
All  save  one  are  photographic  levelationa  The  exception  is 
the  "  Merope   nebula/'  discovered    by  Teuipel    19Dh   October 

■  AdToph.  Joitm,  Tol.  r,  p.  352.  '  J^r.  UTtKh.  Fo.  8UI. 
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1859.  A  mere  "  breath  stain  "  on  the  aky,  it  is,  to  teleecopic 
vision,  u  highly  elusive  object ;  yet  it  ie  always  there,  striated 
and  definite,  when  looked  for  i>y  ohemicfll  means,  and  the 
liypoLhuHLS  of  its  vjiriubility  has  Iqu^  ago  tieeu  abjiufloued. 
The  Maift  cebnU  has  Homething  of  the  same  striped  aspects 
but  clings  in  a  strongly  turved  whorl  to  the  atar  which  forms 
it&  hucIouSh  Mr  H-  C.  Wiisoa  of  the  Goodsell  Obeervatory 
described  afi  followa  a  photograph  of  this  object  taken  by  him 
30th  January  1894J  "  Ths  region  about  Main  U  eepecially 
iuteresting.  A  verj'  bright  liorn-shjj.pei]  i>atch  of  nebula  runs 
out^  trom  the  nest  t^gc  of  the  sbar-iiuage  iuuDediately  north- 
ward,  and  extends  to  a  distance  of  $'  north  of  the  star  The 
nebula  hei'e  is  full  of  irregularly  parallel  atreaka  eimilar  to 
those  about  Merope,  but  makiag  only  a  very  muall  an^le  with 
the  meridian.  Some  of  them  run  to  and  beyond  the  bright 
btarH  north  of  Miiia.  A  Beries  of  rutlier  broad  auil  tliffuse 
patches  extend  from  the  middle  of  the  group  on  a  diagonal 
toward  the  north-weat,  reaching  to  a  comparatively  bright  pair 
of  stare  in  that  direction," 

A  second  Merope  nebula,  totally  unliko  the  tot,  waa  dis- 
eovered  by  Professor  Barnard  with  the  Lick  thirly-Giat-iiich 
reiTJttitor  14th  November  1890.^  It  is  round,  clearly  tenui- 
nated,  and  centrally  condensed.  30''  in  diajucter.  and  presents 
the  general  effect  of  a  distant  comet.  With  the  adjacent  star 
it  forms  oo  close  a  combination  as  to  indicate,  almoet  of  neoes- 
Hity,  the  slow  progress  of  mutual  revolution.  Mr.  Burnluim, 
who  measured  the  new  nebLUd.  at  Lick  in  the  autumn  of  IS91, 
regrinMl  it  as  "one  of  the  luost  singular  objecta  in  tlie 
heavens,"  and  *'  unique  with  respect  to  its  nearness  to  a  bright 
naked-eyo  star.'*  ^  It  is  the  brightoat  nebula  in  the  Pleiadee> 
and  catne  out  well  on  plates  taken  by  FroteBfor  Keeler  in 
1898  with  the  Croseley  refieetor* 

Another  cosmic  speuies  singularly  exemplifieil  in  this 
uluater  mighl  be  called  "  ribbon  nebulus/'  They  run  in  uarrow, 
straight  b^uids  from  star  to  stai',  in  one  case  stringing  together 
six  or  seven,  ^'  like  beads  on  a  rosary,"  and  they  pursue  with 


*  AaSroninny  itrnt  AirrojikgaiFx.  \o\.  Tiii.  p.  1{f3. 

'  Jttt.  Nueh.  X«.  301S,  30a2- 

^  Ibid.  5o,  3071  ;  i'^bl.  Lick  (Jh^rvoiory,  vol-  ii-  p.  174. 

'  Jattm,  BHi.  Aatr.  -I«Dt  iroL  ix.  |i.  133. 
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Ihir  accuTJ^cy,  along  par^lol  linee,  jin  eaat  and  west  directioiL 
Wha.t  manner  of  commimioation  they  establish  between  the 
BU&a  they  (^oDiiect  it  ia  impossible  to  divine-  They  may  con- 
ceivably be  mere  nurvivaJfi  of  a  prior  order  of  things,  belonging 
rabber  to  the  past  than  to  tilie  preeent ;  but  no  atmclures  more 
curious  ba70  been  brought  to  our  notice  by  the  camera  than 
those  long,  luminous  highways  built  as  if  for  the  purpoee 
of  faciiitatinj^  intercouise  between  the  cities  of  qiaoe.  An 
unjivi&hed  road  etarta  from  Eleeb-i  tovvards  Alcyooe ;  it  has 
been  completed  oveu  only  aljout  on+j-thircJ  of  the  way.  Or  is 
it  the  ^reck  of  a  ujlesLiai  causevray  which  formerly  reached  its 
destination,  but  haa  been  gradually,  for  aome  agea  past,  falling 
out  of  UBC  aud  repair  ?  The  question  ia  a  doriog  one;  ulti- 
mately, howevar,  the  comparative  Btudy  of  analogous  objects 
may  supply  hinte  for  anaweriug  it^^  at  least  by  a  plausible 
aurtnisa  The  ulu^ter  it)  liHsidBH  crowded,  especially  in  the 
neighbourhood  of  Alcyone,  with  irregular  or  noadeBtript 
oebulfl^.  which  choke  the  background  aa  if  with  rolling  fog. 
But  in  general  the  tendency  is  unmiBtakable  to  aaaume 
filamentous  shapes,  euoh  as  were  shown  with  peculiar  disticct- 
nees  in  two  photographB  taken  by  M.  Stratonoff  al  Tasltkenl 
early  in  1896  with  multiple  esiHJsureft  of  i^spectively  ten 
and  etevenbcen  and  a  half  houis.' 

The  history  of  the  rieiades  nebulosities  does  not  end  here. 
Profeasor  Barnard  had  long  been  aware  of  a  dulling  of  the  sky- 
ground  over  a  vast  adjacent  area;  and  at  last,  in  December 
1893,  he  put  these  vague  perceptions  to  the  test  by  means  of 
a  ten  houTH'  esiKwiure  with  the  Willard  lens.'  "  The  resulting 
picture,*'  he  wrote,  "  showed  a  number  of  singular  curved  and 
streaky  nebulosities,  apparently  connected  with  the  Pleiades 
and  extaoditig  ail  about  the  group,"  Some  of  them  he  was 
able  to  trace  for  several  degrees  on  either  side,  especially  towards 
the  east  Yet  doubts  were  expressed  as  to  whether  aptirious 
photographic  effects  were  nob  in  quest>ion.  The  pheoomenon 
disclosed  was,  indeed,  so  amazing  that  wme  degree  of  scepticism 
was  excusable.  Its  reality,  nevertheless,  had  to  be  admitted. 
Confirmatory  photographs  were  produced  by  Dr.  Mas  Wolf/  by 

1  AKLr.  Ntidu  No.  £441.        *  /Ml  No.  ^2i^ ;  ifonMJy  }/atuxM,  ml,  U.  p.  «i8, 
■  /Istr,  Nafh,    No.  3375;  Jiriiu,  1S0I,  p.    ICiB.     Walfi  phala^kplia  wn 
taktn  fFDvioMtly,  but  mt«i-|]nUd  labeequeiitly  t«  Bamnrd'a, 
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Mr.  H-  (J-  WiL^nn,'  and  Uy  Vrofsa^uir  Bjiilov.     A  »iki1fti]  ilriivviug           ^^^^ 

by  Mr,  E,  Cjilvert.  embiflvjn^  Um  (.■■nulined  rasiilij^,  in  rejiro-          ^^^| 

duted  in   Ki^.  4G,      But  itn  limiu  hhs  lu*t  nnrrow  Ui  include 

■ 

iVh                             o#*                             w*                             jfr-* 

■W                                                                                                           •                     ^- 

■ 

-                  1    *                       "               _                _ 

K  '                                                                     .    '  -                                                                               ■                 -'  IT 

*■..'■■■              .-■     .      ."•-..■■■■_  '„. 

*^              .  ■                                                       -                                            '             xtr- 

j,-                                     JB*                                     40^                                     Xm.                ^, 

Fia.  4&— DntMii  rruiJi  I'UulvjjibiiIii  Ix  C  CflltDiE, 

^ 

the  whole  of  llieac  Hbr-spreiuiirLg  rormatiun^..     Thi<t^  Beeuia  im         ^^^| 

cud   Ui  tlicm,     Tlio  iiit^rigr   liebulositii^B  are  k-lt  uiidejiictcd          ^^^| 

Tut'  Ihi-  KakiT  <j1   LlE?uiiie>^      Wti   Jin*   bliiis  Titliii^IiL    Ini^e  lu  fuuL^           ^^H 
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wiUi  lUc  **  Hturtlin^  lUt^t "  (as  I'mlesiwr  JSurjiord  ciiUa  it)  '"  ihiil 
lltu  I'luiiuica  aud  Lfiyii-  involv&il  utibukihilUis  urc  buL  llio  ir^nLnil 
<?oiiil?iis:itinu  nl'  ^m  enoriiious  ueliuLt,  iuiricale  iu  tietalLs  aiul 
cnvfiring  at.  luHst  a  li [irj*lr<?il  r*i|TiarH  ilegrt-es  tif  Um  sty."  '  TInj 
iimgiiibude  of  this  mixed  ^ynLeiu  Hln^gtrrs  l^elief  tiutl  L'ciii(Viuii<lr^ 
the  iiuiigi nation.  We  tontempkte  it  vrhh  iiatK?rftM^t  iippreli fu- 
sion ui  lbs  aciipG  aiJiL  eiguiiici^iice.  iur  the  pre^rjl,  tlio 
reliLtioEia  between  its  variouB  ^karts  appeur  scoively  opeu  to 
iiiveftti<;utkiu.  The  ixisaibility  even  nt' a^jecuUtini^  upon  them 
will  iilfer  itsttlf  only  wUi^n  ju'qumnianL'e  Iwginn  In  lie  niiide 
wilrh  the  Bjieclral  v;]iuratteriatii:a  of  the  Pleiades  nebiilcr.  Tlint 
Iher  are  id  1  alike  ga^^eoii^  may  j^fely  be  asHunie^l;  neverlhelesB. 
their  ciiqicTsetl  light,  when  it  betoioes  prai'titJjbln  to  examine 
It,  will  perhttpg  uHer  diveraitiefl  full  of  IntOTflat. 

Amony  the  stars  nf  the  olusLer  a  Ringle  si>eetral  lype 
nmi'kedly  pn^d^fuiiiuttes.  It  may  Itti  distinguished  an  '4aLe  Oriitn.'^ 
Hydnigen  absorption  is  prominent;  helium  ttb3oq>titi[i  ahwi 
nsaetta  ittitrll\  bnt  with  Iljh:*  enipb-isi*  thtm  in  the  wirlier  st-irs 
of  the  tMXiue  uliiris."  This*  quality  ol'  ll^ht  ia  coumtim  tu  ail  Lho 
print'ipiLl  Htarn;  tho&e  that  Lleviate  from  it  are  ot  i\i\'et\ctr 
gi^ulps  oi'  brightness,  and  mny  i?ventiiallj',  Ihr'Hif^h  l.ht;  tffe4.as 
or  pmj^ier  motion,  he  silled  out^  t'r<M[i  an  assemblage  Ut  wliidi 
thej  do  not  properly  lushing.  Heni:e<  when  tbc  groujp  comiw 
to  be  orffiniacd  on  a  delinitive  hasL'H,  the  'jn'ss  pereenUiije  ol"  aixty- 
QvQ  helium  titaiv  may  liaVD  i"  lie  rai.^d  very  mui:b  bij^lier.  The 
tinit  exampk  of  a  mixed  hydrogen  iSeries  u'aH  met  witli  in 
Alcyone-  Professor  (_'iiiiijibLdl  was  nstonisihed  to  |v?r<M3ive  iTi 
1893  tlittt  its  wiMretnini,  i^tlH'rvvine  iiuirked  only  by  uh,st»rpli\L' 
action,  included  a  glowiuj^  tiimsnu  C,  Very  rejuEirkiibly.  ti.ui. 
thie  ftjlitary  blight  ray  ia  uuvipbd  with  a  dirk  fttrcitk,  ftiuiateil, 
as  ufiual  in  caiwa  of  diiplieation,  on  it&  moro  rofran^iblo  nide, 
W[iieb  \&  tliG  did}ilai;ed  linu  has  Btill  to  \n;  a^n't^rtainedn 
PbdoTie,  the  only  other  iuBnil)er  of  the  family  slmwiiig  Hijjns 
oi  elui^8ion,  in  Kiieeti'orti.*jpic.aHy  akin  Ui  7  (Viswiopeije.  Ixs 
bright  rtiys  bisect  obsi.ure  haniW^  The  rctessiou  at  ibo  r^ile 
ol'  ei^dil  or  ten  uiibrt  a  rtooond  of  tlie  a^»lir  trum  the  Alluulid 
eyfitGm  inu«t  otvoMioti  a  ]»erecptiblo  ehil't  towrtrdt^  ihe  reil  of 
all    the    Bp&ctrul    lines    of   its    memlsers,   to    whieb    I'unstjml 

'  JJiintfity  yiifu^'Jt.  vol.  k.  p.  •2fi9. 
'  4,  C.  Uaiiry,  HurOfrd  A^nnh,  vol.  vnviii,  p.  20.  ■  -Aw  -ftH/^,  n,  230 
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element  are  auperadded  the  varied,  and  perhaps  varying 
effects  of  tbeir  individujil  motionH.  S^Hjclmgriiphic  reeearcht^fl 
holU  out,  then,  the  beat  priMjIfect  of  gaining,  witlau  h  reason- 
able lapse  t>f  time,  some  inflight  into  the  working  of  this 
umazing  piece  of  celestial  mechanics.  Prom  a  triangulAtion, 
exeeuted  with  the  Gottingen  heliometer  in  1880-91,  Dr. 
Ambrona  derived,  as  he  thought,  mdicationa  of  a  diviaion 
of  the  eluater  inlj>  several  distinct  jwircels  of  mutually 
depeadeot  raaasas;'  but  hia  meaBurea.  which  included  only 
sixteen  fltare.  had  too  reatricted  a  acope  to  be  decisive  of 
much. 

No  starB  of  aaaured  variability,  whether  periodical  or 
irregular,  ore  found  among  the  Pleiades-  Yet  ]Jgh^chaQgee, 
eluding  defiDita  recognition,  are  suspecte^l  bo  progress.  Maia 
and  Merojie  have  both  bee«  held  to  fluctuate  slowly ;  and 
Atlas,  divided  into  &  pair  by  Struve  in  1827,  is  now  single, 
with  all  powers,  in  the  aerenest  skieB.  Only  a  twofold 
occultation,  noted  by  Hartwig  in  1876,  seemed  to  intimate 
the  obscure  survivftl  of  the  vanished  compaoion.  Possibly 
it  may  moke  itself  felt  apectroacopically,  even  should  it 
never  again  be  Been.  The  motion-displacements,  in;t-ordingly, 
yielded  by  Atlas  deserve  attentive  serutiny,  since  from  them 
mnj  be  obtained  the  key  to  one  of  the  long  outstanding 
enigmas  of  double-atar  astronomy.  Another  member  of  the 
group  appears  to  have  ao  authenirically  variable  atteodant. 
In  WoITb  map  of  1874  an  anonymous  7^2  magnitude  star 
due  Bouth  of  Al(^yone  in  uiarkeil  fta  a,  wide  double ;  it  woe 
eiugle  in  the  Pttris  photc^raph  of  1886,  but  again  double  in 
that  of  I8dSr  whon  the  eatellite  had  risen  to  eighth -magnitude 
bri^tnese.  Yet  M.  Chevnamoat,  reviewing  the  collection  with 
a  Bmall  refractor  in  November  1895,  could  Snd  no  trace  of 
it.^  This  was  the  moat  precisely  defined  among  several  cases 
of  preaumablfl  light- fluctuation  met  with  i[i  the  courfis  of  hia 
aurvey.  Again,  M.M.  Miiller  and  Kempf  constructed  at 
Potsdam  in  1 S  9  9  a  photometric  catalogue  of  ninety-six  PleiadeB,' 
forty-two  of  which,  given  in  the  Bonn  Durchmuaterung  as  of 
9'&  magnitude,  seemed  Co  have  diminished  ao  conaiderably  in 

'  jfrtTt  Mitlhei^MTiitcn,  Th,  ui.  i  iiufltw!  in  Obtervntoiy.  *oL  itii,  ]'  30ft. 

'  Bidt.  Sod^i^  ji/AT.  tie  Frit^tai.  Iflflfln  \'.  2B3- 

'  Atlr.  jVocA,  Noi.  SK>i7,  3&aa. 
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brightness  Lhat  their  mean  magnitude  could  not  be  placed 
higher  thfln  lO'T.^  Very  little  real  change,  however,  m&y 
here  have  ^jeen  concerned,  tiiote  the  ordcrinf^  of  stara  iii  the 
lower  ranke  of  the  DurchnmBtenmg  ia  known  to  have  been  a 
highly  casual  proceea  It  can  scarcely  be  donbted,  indeed, 
tha,t  mint  GomponeiiU  of  the  cliiater  uje,  iit  u  measure, 
Tariable^  bub  their  variability  is  of  a  kind  net  easily 
certified  ;  it  foIlowA  no  method  ;  it  obeys  no  time -prescription  ; 
ita  c9bct3f  perceived  when  least  looked  for^  winnot  he  counted 
upon  to  recur-  Hence  the  problema  of  light-change  set  by  the 
Pleiades  are  of  n  peculiarly  baffiing  antiire. 


CHAPTER    XXrX. 


NEBDL0U3    CLTJSTEKS — Continued. 


Many  nebulous  clusters  besides  tbe  Pleia.des  are  known,  but 
noae  in  whicb  the  relittioas  of  stars  and  oebulfe  are  so  highly 
apeciaJiaed  In  geneinl,  bhe  atelUr  collection  aeeuia  as  if 
independentlj  ot^nised,  and  plunged  as  a  whole  into  on  ocean 
of  coemic  fog,  without  any  atroug  tendency  on  the  part  of  it& 
members  to  foi-m  individual  nebuloui;  attachments  or 
connections.  When,  however,  the  structural  details  of  such 
fornitttions  come  more  fully  to  our  ftctjuaintance,  they  may  be 
found  to  contain  evidence  of  a  closer  useociation  between 
particular  objects  of  the  two  apeciea  than  can  at  present  be 
vouched  for.  Such  inveetigatione  cua  be  conducted  offeotively 
only  by  photographic  means  and  with  eJircfally  adapted 
instruments.  For  the  purpose  of  bringing  out  the  fiiU  eiDent 
of  the  nebulosity,  small  porlrait- lenses  liave  preix^tives, 
illustrated  practically  by  Profeeaor  Barnard/  theoreticjilly  by 
Professor  Wadaworth,^  But  pictures  on  a  larger  scale  tlian 
those  obtained  with  them  are  needed  for  the  discloeure  of 
many  t€pographical  minutiae  huddJed  together  by  the  flticng 
coQ[!eDtration  due  to  their  abort  focal  length.  For  seturing 
tbese^  re  (lectors  of  jiowerful  light -grasp  are  imsurpiiflaable. 
Thus  two  linee  of  photographic  inquiry  should  be  nuule  to 
converge  upon  nebulous  clastera ;  one  directed  towards 
determining  the  limitB  of  the  involving  liebuloaity,  the  other 
towards  ascertaining  its  constructive  peculiarities^ 

To  a  superficial  view  the  object  we  are  now  about  Lo 
destrilie  Be«ius  more  like  a  cluster  and  nebula  llian  a  nebulous 
cluster.     The  nebula  is  **  Messieir  8  " ;  it  is  just  visible  to  the 


'  M<7ji£hij/  Noiiat,  tqL  Ivii  |i.  Ifi, 


^  Kneviedjft,  poI  hi.  |>.  194- 
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imked  eye,  and  from  the  oval  vacancies  which  inteirupt  ite 
light,  it  has  r^ceiveJ  the  deecriiitive  deBi^'nmion  of  the  "  ikgooa 
Nebula.*' '      The    cluster — sijpamtely    catalogued    as    N.G-C 
6530 — iinmetiialcly  foHowa  it  on  the  wime  ifamllel.  but  not  in 
complete    delauhiuQDt.       The    two    formatioiis    immiBtaliE&blr 
overlap,   and,  to    discerning  viBion,   inextricably   iDtermingle, 
FrofesQor  Barnard's  negative3>  taken   with  tho   Willurd   lena 
in  1892,  showed  the  compound  object  to  be  "a  eingular  mix- 
ture of  stiira  and  nebulosity.      East   and   west  its   diameter  is 
about  45^  Jind  north  and  Houth  ^onie  42'.     Tlie  southern  aide 
ta  sharply  defined  and  aarrated,  with  three  dietinct  pointed 
projections.       From    its    north -foil  owing    corcer    a    wisp    of 
nebulosity  est^nda  nearly  to  a  group  of  nebuloue  etars^  trnd 
poaaihly  with  a  longer  exposure  would  be  foimd  to  connect 
with    thein," ''      A    picture  on    so   small    a    Htiali?   could    teach 
little    regarding    internal    struiiture ,    the    "  lagoone,"    in    fact, 
appear  ic  it  nearly  ailUd  up  with  difFused  nebidoaity.     Many 
of  the  brighter  stare  are  involved  in  the  pervasive  haae,  and 
one  in  particular  occupiea  too  critical  a  position  at  the  edge  of 
"  a  vary  bkck  hole "  for   the    supposition  of  a  mere  chance 
arrangement  to  be  permissible.      It  may  be  doubted,  however, 
whether  the  5  7  nuignitude  t^r,  9  Sa^ttarii,  has  more  than 
an  optical  connection  with  the  cluater,  and  the  multitude  of 
stellar  points  glittering  in  tho  background  will  almost  certainly 
he  separated  from  it  by  the  alow  discrimination  of  drifting 
movement.     A  preliminary  step  towards  applying  tbe  test  was 
taken    hy    M.    Comas     Soli     in     18  98  *       His    phoipographie 
triangnlation  of  tlie  group  lix»^  a  starting-point  for  compaiative 
inquiries  which  can  yield  tangible  results  only  in  the  distant 
future.      His  plfttea  showed  the  stars  to  bo  doubly  implicated 
with  nehidoeity.     One  of  the  eeventh  magnitude  aotB  as  the 
focuB  to  a  cloudy  mass,  distinct,  apparently,  from  a  di*I\ise, 
elongated    structure    projected    upou     the    canlral    parts    of 
the  cluster,  which  it  not  impossibly  enclcsefi  in  annular  folds.* 
The  Lagoon  Nebula  gives  a  spectrum  of  bright  linea      It  will 


■  Ctarlcv,  SyMPrt  o/  th^  Start,  y*.  ^;iS4. 

*  A%ir.  Jidth-  Kd.  Sill ;  AmIt.  *intt  JOrophyina,  vol.  xiii.  p.  70^ 
'  Aitr.  ^ocA.  N&  3535, 

'  C(.  plioto^]>hB  rt(  tho  cluitBr  and  dp^hU  by  Kagg&invAU,  KfUfvIad^, 
\il.  p,  IBS,  and  hy  Koboru.  ibid.  vo}.  sxiii.  p.  332. 
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be  inteFeaTing  to  learn  whether  they  are  displaced  by  motion, 
and  whether,  if  no,  coiTBBponding  spectral  Bhifte  in  the 
clufltered  stars  ratify  the  pre^mTiiption  of  orgapic  relationehip 
between  the  two  ordere  of  formation. 

Tbo  optical  history  of  noboloua  objects  ia  oflen  curious  and 
instructive.  Ab  an  open  cluster,  NhG.C>  2239,  in  MonoceroS: 
was  first  observed  by  Sir  John  HeracheL  An  adjacent  patch 
of  nehulohity,  seen  by  Swift  Iti  18  05 J  ag^in  attracted 
Bamard'ii  attention  Id  18S3^  It  proved  to  W  n  kind  nf  knot 
on  a  great  nebulous  ring  discerned  by  the  latter  in  ite  entirety 
with  the  Lick  twelre-inoh  refractor  in  1880.^  This  eno loses 
the  star  ;;^oap  like  a  ring-fence,  and  may  bo  Anid  to  OBCuJiite  with 
a  second  great  filmy  ellipse,  of  which  only  a  section  ie  percept- 
ible, Then  came  the  turn  of  the  camera.  PrcjfesBor  Barnard 
obtained  a  photograph  of  the  complex  arrangement  9th  Janiiaxy 
18fJ4»  which  continued  Tisual  imprtiasions  while  demonstrating 
their  inadequacy,  They  ware  not  misleading,  but  extremely 
partial.  The  photographed  nebula  re,  in  Proieeaor  Barnard's 
words,  "about  one  degree  in  diameter,  and  very  irregular  in 
hrightnesB  and  outlina'' '  It  involves  the  cluster  with  unequal 
condeneationa,  which  are  oflpts^ially  heavy  north  uf  the  bright 
stortk  The  nebulous  knots,  and  ihc  flection  of  a  large  ellipae, 
fully  depicted  in  the  sketch  of  18S9,  reappeared  in  the 
chemical  picture.  In  this,  the  only  effect  of  annularity 
left  visible  ia  that  a  vacant  iuterior  space  sewns  reserved 
for  the  eonapicucualy  grouped  stars.  Their  chief  being  of  the 
eighth  [ua^^iLude,  tlie  deterniinatioo  of  its  sj>ectral  character 
should  present  no  difHculty^  and  wotdd  be  of  particulnr  value 
as  a  test  of  nebulous  atiinity^ 

The  number  of  alternative  titles  hy  which  the  star 
cataloguad  by  FlamBteed  as  "15  Monocerotis"  ia  known 
expresses  the  curious  variety  of  its  claims  to  difltinction. 
It  ia  variable,  multiple,  and  nebulous,  fn  the  first  capacity 
it  is  deagnated  '*S  Monocerotis."  Its  fluctuations  from  4"9 
to  5'4  magnitude,  in  a  period  of  3^  lO""  38"f  wero  noted  by 
Wiunecke  in  1867-  These  elements  are  indeed  still  some- 
what  uncertain.     They  reed    verification   and  revision.     The 


'  Sutcrai  ^fsmm^tr,  vol.  li.  p.  17. 

•  JMr,  TfoA  No.  2«ie  ;  JHr.  imt  AfitT^'}ihj/ria.  toIh  siii,  |>.  ITE 

*  lf»d.  p.  tt*a. 
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variable  te,  moreover,  the  le^idlng  member  of  a  triple  oombioa- 
tioHj  entxjlied  by  Struve  aa"  S  960,'*  With  u  greea  uompatiiou 
at  2-8",  and  a  bluish  one  at  IS'S",  it  makes  an  exciuieite 
teleacopic  object,  but  gives  no  aign  of  orbital  motion.  It 
OGGupiBa  A  dominatittg  poaitioit  in  a  i^ollectioo  of  fift^  or  sixty 
atBJs,  mogiDg  from  the  eighth  to  the  thirteenth  magoitude, 
one  of  which  ie  subject  to  tits  and  at^rte  of  extouaive 
variatioa'  By  virtue  then  of  ita  chiefehip  of  a  cLuster,  16 
Monocorotia  ib  regiBter&d  amoog  neUilte  as  N,G.C,  2264.  Nor 
solely  OE  thiaae^ouDt-  Both  Sir  John  Herscheiand  Lord  KoHse 
Buapeuted  it  to  be  nobulousi  and  Bmao  Peter,  who  roeaaured 
forly-five  components  of  the  ^Toup  at  Leipaij^  in  1879-82,^ 
found  their  leader  viaibly  wrapt  in  a  ha^y  envelope-  But  the 
wide  extent  of  its  nebulous  oonjiectionB  waa  entirely  a  photo- 
graphic levelfltion.  A  picture  of  tbe  region  about  15  Mqdo- 
cerotin,  taken  by  Profesanr  Barnard  on  Ist  February  1894/ 
fihowed  it  to  be  involved  in  a  grenl  nebula  some  three  degrees 
in  diameter.  "  It  clueters  densely,"  he  aays,  "  about  the  groups 
of  stara,  and  then  sprcada  out  in  a  weak,  diHuae  light,  with 
rifts  in  it,  and  irregularly  tarmlnatod  along  the  edges  of  a  vast 
vacancy  in  the  Milky  "Way.  The  coudeueation,  wbith  is 
very  strong,  is  not  at  15  Mcnocerotis,  but  twelve  minutes 
south -preceding  that  etor,  where  it  becomes  a  compact  masa 
vrith  numerous  wisps  and  holes  in  it/'  The  absence  of  ncbuloua 
concentration  about  the  individual  ^tara  struck  him  forcibly, 
eapecijilly  by  contrast  with  the  diifen^nt  state  of  things  in  tlie 
Pleiades.^  The  nebulosity  is  free  and  j^neral ;  no  single 
mcml>«r  of  the  stellur  assembkge  appropriates  a  special  Bltaroj 
or  earvBS  from  il  an  appendage  of  its  own.  Yet  it  is  difficult 
to  doubt  that  the  apparent  association  ia  real  and  phjsicaL 

The  Wolf-Kayet  spectrum  ia,  broadly  speaking,  reveraed 
in  tbat  of  15  Monocerotia.  It  includes  both  the  hydrogen 
series  and  the  upper  *-hlae''  band;  metallic  lines  scarcely 
appear,  but  thoae  of  oxy^n,  nitrogen,  and  silicon  are  unlikely 
to  be  absent.  About  tbe  |>eculianties  of  the  leiifs  rafrangible 
aection  nothing  is  yet  known.     Here,  perhupa,  symptoms  of 


'  QoTB,  JCruHcIfdge,  vol.  iiii.  p,  20L 

"  Edptvdoccd  in  XnfntrtNigf,  voL  lix  p.  300, 
*  Mtr.  and  Aatrophyric^t  toL  ^l  p.  B-12. 
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emiBfiiou  will  be  found  ;  indeed,  u  brightp  C  might  be  looked 
for  with  aucccM  not  only  in  lo  Monoce rot-is,  but  in  some  one 
or  two  of  its  prinoipoi  &BsocifLte& 

An  eighth-  maguiCude  star  in  Auriga  wae  noticed  by 
Auwera  about  1S60  lo  be  projected  ou  a  hazy  disc  (N,G.C- 
2175).  The  object  in  placed  uentrally  in  a  group  of  aiiialler 
Btara,  onvelopad  in  nebulueit/  slroa^ly  umnifesbed  iu  Professor 
Barnard's  photographs  of  1394,^  The  combination  ia  quite 
similar  to  that  jiist  doactibed  in  Monoccros.  The  spectrum  ol 
N.G.C.  2175  was  examined  by  Profeeaor  Keeler  with  aD 
indecisive  upshot* 

Sir  John  HerBClit^I  observed  at  the  Cuip**  "  a  very  remark- 
able object"  in  tlm  Milky  Way,  wbtire  it  crosses  the  tail  of 
Scorpio.  It  showed  to  him  under  the  goise  of  ^'  a  decided, 
tolerably  defined,  semi-nebuloua  maas*  with  abundance  of  vary 
^mall  Btors  forming  altogether  a  telescopic  Magellanic  clouds 
It  fills  about  a  field,  and  has  branches  and  aiuuses."  ^  This 
miniature  Nubecula  (N,G.C.  6437}  invites  photographic 
deliueation.  Long  exposures  may  disclose  iu  it  couetructive 
poiticulars  of  extreme  interest. 

Nebulous  clusters  are  coanected,  by  insensiMe  gradationa, 
with  certain  tracta  of  nebulosity  in  the  Milky  Way,  which, 
since  they  are  situated  in,  or  in  the  line  of  sight  with  a  stellar 
stratum,  necessaiily  appt^r  more  or  lena  deuuely  atar-strewn. 
The  atara  strewing  them  do  not,  however,  collect  into  groups 
capcpble  of  individualisation  ;  hence  they  cannot  bo  termed 
"  nebulous  oluatera."  These  suggest  some  kind  of  organisa- 
tion ;  they  are  more  or  loss  isolated  and  coherent  entities, 
and  are  diaiinguishable  as  auch  from  layers  and  beds  of  stars, 
however  closely  packed.  Not  that  a  clear  hue  separateH  the 
two  kinds  of  formation ;  the  multiplicity  of  the  heavens  is 
too  grtfit  for  thia  to  be  possible ;  but  it  ie  welt  to  maintain 
diiTerenoos  ideally,  oven  though  they  bo  blurted,  berc  and  there 
in  the  concrete,  beyond  oor  perplexed  powers  of  recognition. 
Nebulous  clustoTB,  on  the  other  hand,  shade  off,  as  tlieir 
ruernberfl  becnme  fewer^into  nebulous  groups  uut^h  hh  the  Orion 
Trapesdum,  aud  reduce,  "  in  the  limit."  to  simple  nebulous 
stara.     Theae  will  be  the  subject  of  a  future  cliapter, 

'  Afir.  and  ^atroj/h^iia,  vol.  xiii.  pp,  ISO,  l£iJ- 
*  HiU.  Lick  OUcTvatorM,  toL  ill.  p.  20^,  ■  Otpa  Jit^itUt,  p.  llfi. 
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TSSBE  ie  no  poesibility  of  failing  to  recogniBe  in  a  globular 
cluster  a  true  agglomemiiou — a  structure  tfres  ntqiif  rotttvdttt- 
Tbe  systemic  uuity  of  such  objects  is  as  evident  as  that  of 
a  "globe  of  dew,"  thougli  it  is  b^  no  raeftus  certain  that  they 
BXft  not,  like  that  "  frail  and  fading  sphere, "  in  course  of  more  or 
less  speedy  evaporation,  A  graduu.]  process  of  ejection  ia  at 
least  auggeated  by  their  Btiwiming  edgea  and  filamentoue 
appendages,  formed  of  branching  rows  of  stars,  apparently  oa 
the  uii>ve  outward.  One  hundred  and  ten  glohulnr  clust4;rs 
were  registered  1^  Sir  John  HersrJiel  in  1864  in  hia  "Guiieral 
Catalogue  "  of  nebulte,  and  not  many  have  since  been  identified 
They  are  ustoniBhing  conBtnictions.  Their  ailvery  radianw^  ia 
a  delight  to  the  eye  ;  the  imagination  ib  allured  by  their 
viflionary  beauty  ;  reason  ia  startled  by  the  recondite  nature 
of  the  problems  they  intimate,  WImt,  we  (jannoL  but  H^k 
ourselves,  is  the  true  nature  of  thetie  mysteriouH  "  balls  of 
Btare"?'  Are  the  lumicous  particles  composing  them  su^ 
in  the  proper  sense?  What  arc  tbcir  mutual  relations  T' 
How  did  they  originate?  In  what  are  they  to  eventuate? 
Cjiu  mechanical  Btability  be  claimed  for  them,  or  must  they 
be  supposed  to  form  temporary  societies  undermined  by  forces 
tending  towards  diasulution?  On  all  these  poinl^  definite 
information  ia  still  lacking;  but  there  is  no  reason  to  despair 
of  its  future  provision,  since  the  inclusion  of  globular  cluetera 
within  the  scope  of  organised  researoh  is  of  quite  recent  dati«, 
and  knowledge  respecting  them  is  accordingly  in  a  naaeent 
staga 

^  Bta  Kiuw/edffe^  vol,  xtl  p.  270- 
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It  may,  however,  B&fely  be  a&rmed  that  their  components 
avQ  Bun-like  boilies  —  that  Lhey  are  gphencal  maaaea  ut  hii 
eiicriuoiifily  high  tempemlure,  nidiFiUng  into  tipace  hj  mehns 
of  suitably  adapted  phobospheric  apparatua  Some  are 
mtenaely  aotinic  They  are  much  brighter  chi;miaiUy  UuiQ 
viaoally.  They  hence  presumably  emit  light  mainly  of  tho 
shorter  wave-Iengt^hB,  and  are  ubuoiinaUy  hot  bodies.  But 
the  secret  of  their  nature  cannot  be  divined  in  our  preaent 
tguorrtnce  of  their  »i>ectrc)Bcopic  [ittuliarities,  and  those  of  thf 
individual  star-points  in  cliLet^rfl  will  long  reniain  inacceealble^ 
Their  coHibined  light,  nevorthelesa,  where  it  is  conoentrated  into 
a  "blase"  at  the  core,  ifl  capable  of  being  eflectually  aonlysed 
with  powerful  instruments,  and  the  detenaioation  of  its  quality 
is  a  sins  qud  non  for  progreaa  in  thifi  branch.  Until  this 
baH  been  efFectiHi,  there  ia  no  poBHibility  of  aasigning  Ui 
globular  clusteia  their  proper  place  iii  the  celeatial  hienuvhy. 

The  great  aouthem  ogglomeirations,  <o  Centauri  and  47 
Toucani,  eeem  almost  untouohed  by  the  wear  and  tear  of 
time.  They  show  few  signs  of  dilapidatioD,  No  dusky  rifts, 
no  glailea  or  clearinga  are  perceptible  in  them  ;  the  subtTaction 
of  material  (if  it  \te  going  on)  has  mad^  little  proj^rew  ;  they 
are  as  yet  well  compacted  to  the  centre.  Nor  is  a  3ow  of 
etais  outward  hinted  at  unless  obBcuioly,  They  are  ciean<r 
at  the  edges  than  most  objects  of  their  chisfi ;  tentacular 
appendages  are  wanting  \  their  eomponenta  are  not  visibly  in 
murthing  order  This  luay  mean  that  they  have  but  newly 
lirrived  at  their  pieaent  abate  of  beings  and  if  ho,  their  rtpectfu 
should  be  of  an  early  type.  To  the  component  stars,  accord- 
ingly, a  very  low  mean  density  may  probably  be  attributed  : 
ihfiii  attractive  power  will  prove  smaU  relatively  to  theii 
light;  the  correaponding  interstitial  movements  must  be  slow, 
and  will  lie  diftioult  of  detection. 

iJuat  within  the  northern  border  of  the  Milky  Way  m 
Contauri  ia  visible  to  the  naked  eye  as  a  hazy  star  of  the 
fourth  magnituda^  Telescopicully  it  presL^nta  a  grand  aspect. 
Nothing  more  strikingly  effective  can  he  imagined  than  the 
trausformalion,  by  optical  means,  of  a  blurred  light-spot  into  a 
glitteriu^  and  mLiltitndinoiis  assemblage  of  separate  sanfi. 
Nearly  6400  can  be  distinguished  on  eensitive  plates,  besides 

^  Bi1lB^>  ^J^r.  mid  Atiropkifstea.  to],  xlt  |i.  OAfi. 


^'■Z\ 


Fro.  4T,— PlLOtOfln^lt  of «  CflDioarl  (HUleT^ 


GLOBULAR  CLUSTERS 


431 


a  CTOvcl  of  Others  so  smaH  as  to  merge  together  iDto  a  grej 
mottliug.  No  true  neijiilosity  Beem*?  to  le  present.  The 
pliotograph  from  which  the  counts  wei'e  made  hy  Profeaaor 
and  Mra.  Bailey  ifl  reproclticed  ill  Fig.  4V-  It  waa  takeu  at 
Arequi]»a  Iflth  Moy  1893  with  an  expoeure  of  two  hours  in 
the  thirteen-iuoh  Boydeu  refractor.  The  ^r&i  marked  out  for 
investigation  covered  900  square  minuteB.  It  was  "  fairly 
well  filled'^  with  stAi^n,  aTid  their  statistical  study  defined  the 
fact  of  their  true  centrnl  crowding,^  They  condense  not 
merely  in  appearajice,  through  the  ougmentiug  depth  of 
spherical  space  in  which  they  oro  distributed,  but  olao  ob  a 
conaequenca  of  actual  compreaHion  inward.  The  niiriher  of 
stnts  per  square  minute  was  found,  in  f&ct,  to  increase  in 
arithmetical  progression  with  approadi  to  the  centre.  Away 
from  it  t^he  dimiuiitiou  ceased,  a  constant  figure  heiog 
reached  along  a  line  taken  to  be  the  boundary  of  the  cluster; 
and  tbiB  conBtantj  since  it  must  reprCBont  the  arcal  population 
of  the  general  fiky^  supplied  a  means  of  correcting  the 
apparent  results  for  that  of  the  cluster.  Deduction  was 
accordingly  made  of  1616  unconnected  stars,  mere  visual 
intruiiera  from  a  limitless  background;  and  there  remain«l 
5050  true  components,  collected  within  a  circular  space  some- 
what larger  than  that  occupied  by  the  full  moon.  They  average 
about  12"5  magnitude. 

The  aouth  polar  cluater,  47  Toucani,  ift  of  equal  loveline^ 
with  Gf  Centauri^  although  on  a  emaller  scale^  Its  "computed 
diameter"  is  22'* — that  is  to  say,  the  Grtra  stpars  which  it 
project*  upon  tjie  sphere  die  out  completely  at  a  distjince  of 
11'  from  it6  centre*  They  number  about  2300,  and  are 
distributed  in  accorditnce  with  the  same  law  noted  as  pre- 
valent in  the  compiuion  cluster.  They  are,  however,  even 
more  densely  aggregated;  the  realm  is  less  spacious  than  ai 
Centauri  proportionately  to  the  throng  of  its  inhabitants. 

The  gi-eat  cluster  in  Hercules  (M  13)  presents  a  lese 
uniform  texture  than  its  prototypes  iu  the  southern  sky.  Vet 
ite  conatituent  orbs  follow  virtually  the  same  gradient  of 
central  Gompresaion"  Their  distribution  is  affected  besides 
by  influences  of  an  unimaginable  kind.     Three  "  dark  lanes," 

'  Ptckeruig,  Uitrpard  Amutiitv  vnt.  ekvi.  p.  218. 

'  iMti.  p.  221.  *  ibvi.  p  aao. 
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uiaking  aa  equiangular  juaction  at  a  point  B^uth-east  of  tba 
centre,  were  detected  with  tbe  Kobsb  letiector  in  1850.^  An 
identical  form  of  marking  tende  to  recur  in  other  parte  of  tbo 
cluster.  On  the  Lick  phott^raptis  of  1890-91,  Prol'essor 
Holdeu  was  able  to  traca  no  lees  than  thirteen  repetitums  of 
il-^  This  iiu^iBteiice,  he  remarked  in  a  local  jia^ier,  made  it 
evident  "  that  a  definite  kw  wna  acting  to  produce  this  ibmi, 
and  that  this  lawmight  bo  truly  taken  as  i^opresentative  for 
thia  cluster-  In  some  way  there  are  dark  lanes  produoed  and 
maiataiued  among  the  hundreds  of  hrighC  stars  in  thi^ 
globular  mass,  and  there  ar'e  irutit}/  atich  channels.  How  can 
we  coaueive  oF  Bucli  a  H/atem?  It  is  tolerably  cWr  tluit 
either  the  dark  lanes  are  abeolutely  empty  of  matter,  or  at 
teaat  that  they  are  empty  of  luminoue  matter"  Yet  neither 
of  these  altemativeB  seems  to  be  in  accord  with  fact. 

A  plate  e3q>osed  during  ten  minutes  nith  the  Crosaley 
refJector  by  Professor  Keeler  showed  all  the  brigliter  atara  in 
M  13.*  Two  hours  were,  however,  needed  fco  bring  the  swarms 
of  their  feint  awociatee  into  view.  In  all,  more  than  5400 
starBj  fairly  within  the  precincta  of  the  cluster,  were  counted 
on  a  negative  taken  13th  Jidy  1S69.  A  atudy  of  their 
distribution,  made  by  Mr.  Palmer,  Professor  Keekr's  aaaistant, 
elicited  some  noteworthy  peeuliarities.*  The  components 
separated,  speaking  broadly,  into  two  distinct  orders  of  bright- 
neaa,  thoee  of  intermediate  magnitudes  being  rompaiBtively 
acarcc.  Out  of  the  total  number  of  5482  counted  on  the 
plate.  101€  were  classed  as  bright,  4466  me  faint,  or  below 
13-6  magnitude.  Now  the  mode  of  scatterijig  of  these  two 
oHers  appBtti-ed  aeueibly  different.  Tliat  of  the  laryar  stars  is 
radial — they  extend  outward  iu  curved  rows;  that  of  theii 
minuto  companions  is  more  nearly  globular.  Moreover,  the 
character istiti  dusky  tracks  are  vacimt  only  as  regards  the 
former  class  of  objoeta.  They  are  lightly  strewn  with  the 
difftisive  star  powder  found  everywhtrp  in  the  cluster.  To  ite 
presence  Mr.  Palmer  aLtrihutcB  the  elTecta  of  nebulnsity  noticed 
in  earlier  photographs.  It  requires  a  very  high  resolving 
power  to  distinguish  the  stellar  haze  created  hy  tlocka  and 


'  Phi/.  TVniwr,  toT.  cU.  p.  732, 

■  PMbL  Paa^c  Hadtty.  vo\.  lii,  p.  87,1, 

'  Ibid.  No.  70.  p.  301.  *  Aalro^A-  Jown.  roL  i.  ji.  2*a, 
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throngs  of  GiKteen-lh-inagQitLide  stars  from  genuiDe  "  Huid 
haie";  bnt  in  this  case  th^re  seems  little  doubt  that  the  feat 
wjis  ]>err«rme(l.  Coufirmnton  eviJyiM*  of  llie  liest  kind  wua 
afiarded  b^  Trofesflor  Barunid's  direct  observations  with 
the  forty-inch  Yerkcs  i-efroctor  They  convinced  him  that 
globular  chiaters  arc  uoo-nebuloua  formatione.'  Sp^lto- 
graphic  imprefteionb  will  prubably  hefort*  loug  ndtX  their 
testitnony.  at  leaat  in  a  negative  sense. 

Wilh  the  Lliirteen-incb  pliotograpliic  refiattor  cf  the 
Poti^dam  Obeervatoiy,  Dr.  Scfaeiner  obtained^  9th  September 
1891,  the  first  plate  of  .M  13  on  which  the  stars  were 
suQicieiitly  di^dDed  for  exact  ineaaurt^mirnL'  He  accordingly 
propiLTud  a  catalogue  by  whiub  the  places  of  !^33  were  fixed 
with  the  utmodt  accuracy ;  and  theae  fundamental  stars, 
henceforward  kept  under  watch  /iiid  wanl,  will  jwrbaps  one 
day  disclose  the  plan  of  their  movementa,  and  thus  eiiable 
future  astronomers  to  attack,  with  some  possibility  of  success, 
ono  of  the  most  arduous  problems  in  celestial  dynamics.  It 
confronts  them,  under  a  atill  more  l^ewUdering  form,  in  a 
superb  eluater  in  Scoi-pio  (M  62  =  N-G-C  6266).  Here  a 
second  focus  of  coiidensation  is  obvious;  two  sUir-globea  are 
fuE^d  into  ona"  The  wintotted  growth  of  a  twin  cherry-  may 
help  lis  to  realise,  however  imperfe<itly,  the  attendant  jndetinite 
eomplesity  of  the  couflictiug  forces, 

A  campresaed  cluster  in  S<?rpeii3  (M  5=^KG.C-  5904), 
discovered  by  Kireh  in  1702,  presents  telewcopically  Lbe 
appearance  of  a  softly  radiant  globe  with  divergent  outliers. 
A  photograph  taken  by  Dr.  Roberts  25th  April  189il,  indicated 
a  nobulotis  interior;  bul>  ito  such  cfiect  came  out  on 
uegiLtives  exposed  wilh  Drn  Comiman's  five-foot  reflector,  lior 
was  it  perceptible  \isimlly  to  Proftiu^or  Barnard.  It  waa  due, 
preHumahly,  to  an  amalgam  i>f  faint  stars  forming  a  kind  of 
matrix  for  thoae  brigltt  enough  to  be  individualised.  The 
discovery  of  their  variability  was  begun  by  Mr.  Packer  in 
1S90.*     He  remarked  the  tiuetuatinns   of  two    componontflj 

^  Artrt^h.  JtmrTi.  vol.  lii.  p.  181. 
'  Jbjutv/U.  rUriTthi,  PrannL  Ahut.  lfi»*J,  AnTiuig, 
^  J.  HarHchol,  ^jK  Reavita^  pp.  23,  WA,  Flmt«  Yu  T\g.  U, 
*  £nff/.  MrrAank,  vaL  li.  p-  S7S  i   Sidereal  JfeacH^r,  roU.  ii-  p.  380  ;   x. 
p.  107. 
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aud  Dr.  CommoD  auapected  many  more  to  share  the  same 
character.^  This  premonitiou  was  Followed  up,  (hough  not 
until  after  five  years,  bj  ProfeHeor  Bailey's  annouuct^meut  ^  thaC 
many  globular  cluaters — say  one  in  live — are  veritable  uests 
of  vnriubles.  Their  aViUTJiknue  i»  8ui:b  tlmt  slk  mnuy  as  a 
hundred — in  ProfeAsnr  BiiTnanl's  wonlfi — "  hnve  hern  Found  Id 
;i  space  in  the  sky  that  would  be  covered  by  a  pin'e-head  held 
at  the  ditttiiJice  of  di&tinct  vision."^  Of  3000  componouts  of 
*j  Centauri  examinpd  within  a  radius  of  '22\  128  were  found 
to  fluGtuatt?  to  the  extent  of  half  a  magnilude  or  mote.*  In 
one  uiae  A  range  of  Ave  magnitudes  was  obnerved ;  but  that 
of  moet  of  the  chject^  inventig^ited  woa  limits  U^  oue  and  a 
half,  or  two  magnitudes.  Very  short  periods  are  tlie  rale; 
three  are  of  less  than  eeveu  houre;  yet  ona  is  protracted 
to  476  djiye,  and  tliere  will  be  a  special  interest  iu  determining 
the  nature  of  the  light-change  comprised  in  («>  long  a  cycle. 
A  true  "  Miia  variable  "  wouM  Beem  an  aaoiualy  in  a  cluster 
made  up  of  silvery  wlute  sLurs ;  since  we  are  taught  by 
experience  to  flsaociate  pi;tiodH  of  muny  montba  with  strong 
nbaorptiou  and  consettuont  redness  of  colour.  But  clueter- 
variablefl  belong,  for  the  mont  part,  to  a  type  apart,  Ihw 
character  of  whicli  has  )«tn  described  in  an  earlier  chapter. 
They  Imve  long  minima,  and  brief  maxiraFi  attained  with 
extraordinary  rapidity.  Tht^  activity  of  their  changes,  wlien 
they  set  in,  contrastH  singularly  with  ihn  complebenesFf  of  their 
fiiUHpenaioii  during  the  intervnb  of  reet.  There  ih  au  entire 
abaencB  of  concert  among  the  affected  aUr».  Each  is  an 
independent,  self- regulated  phenomenon.  No  more  curious 
spectacle  in  anijrdtid  by  the  heavens  than  thiL  of  a  throng  of 
seeming  aignal-lightB  waxing  and  waning  every  few  hourp 
under  the  sway,  obviously,  of  some  common  law,  yet  witli  ni> 
trace  of  unanimity;  souiq  lading  while  their  neighbouie  are 
ou  the  ri^,  others  stationary  iind  semi-eKtinct*  though  unljr 
hiding  their  time  to  entt^r  upon  a  phswe  of  renewed  brilliauify  ^ 
and  ]tnij«  devijiLing  by  a  liaii's- breadth  Frnm  the  coune  of 
change  individually  preijcribed  for  iL 

'  MtnifJUji  ^lOd'ce^,  vol.  1.  p,  &17. 

*  AVTupk,  /chirm.  vol.  ii.  p,  321 :  /Tnrfjorrf  AfiMiit,  Tcl  i^itviti.,  oonUina  k 
eaiTLplBte  djarilaaiDri  of  \hr^»  varlftblu  fay  HAiIiy, 

*  JdJrtK  Wf  Akmvom'cal  Photoffra/Jiyt  f  '*  •  A'rwtr/ff^,  toI.  uL  p.  38ft 
(Clfltko).  "  Itttnard  Girc'daT,  No.  3W. 
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Eighty-fiTe  variable  wUtrfl  have  up  to  the  present  been 
recognifiad  in  Mesaier  5,  huiI  Ihey  u^gree,  for  the  must  part, 
quite  (^lo3«]y  in  tk  mode  nT  fiuctoutioo  eluciclnteii  hj  rrofeaaor 
Bailey's  persevering  inquiriea^  Tho  form  of  their  typical 
ligKt-tiurve  is  not  difTeivnt  Irum  that  assignable  to  the  oom- 
ponentB  of  di  Centauri ;  but  they  tend  ^mniistatcably  to  obey  a 
common  period  ol'  appro xfiimtely  Lwehe  hours,  and  the  cwcilla- 
tioiiB  of  nearly  all  are  between  the  fouiteentb  and  the  fifteenth 
Eoagnitudea.'  Vet  they  ore  not  executed  aimultaneoui^ly ;  4 
congruity  of  upocba  m  not  evon  distantly  indicutfid.  Proteeaor 
Barnard  took  viaual  chor^  in  1898  of  R^ine  half  a  doaeii  of 
the^e  strange  nbjetto,'  und  his  list  included  Packer's  original 
vfirialdoN,  Nps.  42  and  H4  of  Ihi;  Harvard  i^miineratiou^  t^tartt 
exceptional  in  the  great  assemblage  of  which  they  form  part. 
both  ne  to  the  length  of  their  periods  and  the  manner  of  their 
chang^L  Thie  eopiee  the  pattern  set  by  h  Cephei ;  it  proceeds 
eontinuoufily,  although  not  symmetrically,  along  a  curve  steep 
in  it*4  upward  brunch,  sloping  gradually  downward^  and 
inlerTU[kted  by  a  '*  huicp/'  siguificaiiL  of  an  alMU'tive  second 
majcimum.*  Ita  time-iueoaure  is  about  twenty-aix  dajiL 
Hr<jfi]reor  Uamard  was  struck  with  a  number  of  ink-black  holoe 
rending  the  brilliant  surface  of  the  star-globe  in  terpens. 
They  ore  closely  adjacent  to  the  dent^e  eentral  portion,  and 
suggest  tQlinelling  opt^rattone  on  the  scale  of  those  progressing 
in  the  great  Hercules  cluster. 

A  cluster  in  Canes  Venatici  (M  3=N.a.a  5272)  is 
fliinilarly  perforated,  lx»rd  IVifiae  obBerved  "  esveml  amall  dark 
holes "  at  its  core,  from  which  "  rays  nm  out  on  every 
side."  *  A  "  bifurcated  djirk  lane  "  was,  moreover,  perceived  in 
the  northern  segmentp  of  the  nuclear  "blaze."  From  whicll 
wc  i5du  gather  thut  the  distribution  of  stars  in  M  S  ia 
controlled  by  forces  of  the  »auc  nature  a^  tho!^  ruling  in 
M  13.  Yet  the  two  clusters  ure  markedly  diffurcntiatcd  a» 
regards  U^rht- stability-  That  in  Canes  is  already  known  to 
eoDtain  132  variables;   while   in  the  Hercules  group  diligent 


'  A*W.  iWft  So^jiitf,  No.  70,  p.  310. 
*  Attr.  Ifath.  Ko.  aSlS. 
*  PirfcUntit.  /ItLr.  JoMm.  No.  <ea. 
'  7'rpnf.  Rir^  DubHry  Sooidy,  vol  ii,  p,  133. 
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iuquiry  has  failetl  to  certify  the  ptcaenc^^  of  jhok  thEiu  twOj 
ite  eumponentfi  actually  ehinitig  muub  more  Bteadtly  thati 
the  iiverage  of  tl»a  stallar  multitude  outside  its  limits 
Eighte*ii]  liuudied  atars  were  counted  by  M.  OrUusky  from 
phatcgraplia  of  M  3  taken  nt  Pulkowa  in  1S94,'  and  his 
measureuicnb  of  tlieir  places  wiU  in  the  future  supply  a  beat 
of  their  relative  mobility. 

A  atany  sphere  in  Pegasus  (M  15==N,G,C,  7078) 
seemed  nebulous  in  Dr,  RoVx-rta's  pbotograplis  :^  but  they  were 
p(:irhii[}H  cloudwl  liy  Htellnr  dust,  aot  by  true  cyisrniiytl  fog. 
Of  900  memb&rs  of  tbia  collection  exiuoined  at  H^vard 
College^  51  proved  variable.  The  proportion  in  Ihle'a  greab 
cluflter  m  SagUtariuH  {M  22  =  JS".G,C.  4424)  is  much 
smnll^r — 16  to  1550;  ai^d  only  10  among  6D0  stars  teeted 
for  atability  in  \f  2  gave  responsive  signs  of  Quctuation. 
This  cluster,  whieb  la  r^itunbed  in  Aquiirius,  might  l>e  the 
twia  of  that  in  Herculee  plunged  in  a  deeper  depth  of  apace.' 
The  cluatora  a>  Ccntauri  and  47  Toucani,  so  much  alike  in 
other  respects,  deviate  widely  in  the  matter  of  variability. 
Periodical  siara  by  the  score  occur,  as  we  have  seen,  iu  the 
former  ataLely  asHemblage ;  in  the  latter,  only  six  have 
heeu  registered,  uoLwitliHlauding  tlie  inoal  tareful  HcraLiny, 
Whence  the  diversity?  Profea^or  Pickering'  surmises  that  it 
depends  upon  the  I'elatton  of  a  common  plane  of  revolution  to 
the  line  of  sight.  Each  globular  cluster  would  he,  on  this 
view,  a  system,  the  movements  of  which,  whether  axial  or 
orbital,  are  conducted  on  the  ^laiae  level  And  should  thia 
Ifivel  happen  to  coincide  with  the  visual  ray,  variahility  would 
result,  either  through  the  rotation  of  such  ccmpcnants  aa 
poas«sficd  imequally  luminous  Burfacea,  or  as  a  eonacquc^nce  of 
the  eclipses  of  those  provid&d  with  clonely  revolving  Batellitea 
Yet  nt-ither  ratinnale  of  li^^ht-uliange  can,  without  grave  mis- 
givings, be  adinibt^etL  Siiub  with  dunky  hciaisphereu,  or 
permanently  spotted,  may  be  treated  as  mathematical  Bcbiona, 
Nor  is  any  evidence  as  yob  forthcoming  that  gt-nuino  eclipao- 
ntaiB  ever  find  a  habitat  in  clufitera,     Certamly  none  of  the 


'  Klopolaky,  Aatr.  XacK,  Ko.  8338. 

^  Cdviiiai  Fko'offrnpfia,  tdL  i.  p.  110. 

■  SKcfai,  jitti  lUK  Acatd.  Font.  t.  tIL  p.  ^J,  lB6:i. 

*  fiiirvard  CTn™^r,  JJo.  33, 
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Gltmter-vAmblea  bo  far  inv^tigated  can  be  accounted  euch,' 
That  they  are  rapid  biuarieft  nmy  be  pUuaibly  sunuised,  but 
the  J  rauHb  be  of  the  nou-ocfultLiig  eort,  la  eclipsing 
Qtora  the  maximam  ia  esaectiaU^  pcrmjiiient;  the  nunimum 
is  accid^ntnL  ]u  cluster -variables  opponito  coudttiona  prevail- 
Habitually  obecuTO,  tbey  bri^'hteii  tnctdeDtally. 

I'roteasor  Bailey's  diac-overy  throws  open  a  epacions  field 
of  ra^mv^h-  Each  variubl**  chistur  Tiiiglit  well  claiii^  u  wntioidl 
appointeJ  for  thf?  exclufiivo  follow  iug  of  tlie  i^inplex,  elusive,  und 
rapid  changes  which  cenaelessly  develop  within  itacompasa.  In 
Deoembor  1901,  609  coraponente  of  star-globea  were  reckoned 
as  periodical  Every  one  of  the^  is  perh4i.p^  a  system  apart ; 
every  one  has  its  peculiiiriiies,  the  inner  nieaning  oi'  which 
can  only  be  drawn  out  by  austaineii  atteiition.  Powerful 
inatrumentH  are,  moreover,  required.  The  objects  lu  questioa 
lie  near  the  lijuit  of  practicable  observation ;  work  upoa  them 
taxes  laodern  reeources  to  tba  utmost.  Nor  can  the  photo- 
gmphic  method  alone  be  relied  no.  Long  oxpoHurea  are  needed 
to  show  the  otars  ac  all^  and  ibey  can  naturally  give  no  more 
than  the  "  m*?an  magnitude  "  during  the  intervalfl  they  cover 
But  when  theee  iutervals  bear  a  larye  proportion  to  the  entire 
period  cit  change,  such  course -j^iiined  data,  cannot  aatiafaetority 
repreeeut  the  manner  of  ita  prcgreBfl.  The  resulting  light- 
curve,  an  Profeaaor  BaJIey  Baya^"''  in  alwaye  smoothed  down ;  and 
it  is  smoothed  to  ihe  limit  of  a  Btnight  line,  in  the  ultimate 
caae  of  ttie  ejtposiire  equalling  the  perioil  of  a  star's  variation. 
Hence  the  absolute  aecessity  for  supplementary  Tiaucl  deter- 
minations to  till  out  the  peaks  and  comerB  rounded  elf  by  the 
camera.  At  the  critical  epoch,  when  the  flaeh  is  being  turned 
on,  every  minute  counts  EaLimatee  of  bngbtnees  at  the  rate 
of  ton  or  twelve  an  liour  are  not  lf>o  [lunitrouH  for  the  purjiosi* 
of  keeping  guard  over  the  avrift  alt«Tatiom>  going  forward. 
The  hourly  or  two-hourly  averages  given  on  sensitive  platea 
are  wholly  inadequate. 

Two  questions  of  fundamental  interest  present  themfielves 
ID  connection  with  the  variflbility  of  elustera.  Why,  we  must 
ask,  are  the  stars  in  one  globular  asHeaibla^  luminoinfly  un- 
stable, while  in  o1:hers,  its  strict  analogues,  they  ahiue  quite 
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rttoftdily  ?     The  contraat  ia  not  explained  by  nay  TisibLe  difltir- 

eoce  of  oonelituticm.  Variability  does  nob  iippear  to  t^ume  in 
9.t  any  panicukr  stage  of  growtli  \  it  Ik  not  ttssociated  witb  a 
delioite  situation  m  the  heHvens;  it  doe»i  oot  cbnraix^teriae 
pi(;rced  uud  outwcro  globes  preferentially  to  uompaut  onoa,  ur 
inc£  vivsd ;  it  CJin,  in  abort,  be  correlated  witli  no  feature  obvioua 
to  direct  notice.  It  rcnmina  to  k>e  aeon  whcUior  dny  spectio- 
aoopio  peonbority  uoTreeponds  to  it- 

Aguin,  the  Uibseuce  from,  or  extreme  ai^rdty  of  Algol-etara 
in  clustttrs  otii;]i>4ii>Q3  perplexity,  Wg  are  led  to  believe 
tbal  rapid  vuriablea  are,  in  truth,  bmarieH  iwolving  in 
tbe  Ugbt  ■  period.  But  if  bo,  the  orbital  planes  of  a 
certfiin  proportion  of  theiu  ought  to  paea  througii  the  eartb, 
with  the  outcome  of  ELfTording  us  the  speutacle  of  so  nituij 
cccultiQ}^  paira.  If  these  do  not  exist,  we  ^all  lie  forced  to 
(»ndiidti  i[i\i.l  i.-hH[.er-vitr[ahIeh  owe  blieir  puoctuulity  to  svita& 
other  cause  th^tii  the  atrict  time-keeping  of  aatelliteg. 

One  of  the  meet  Bigoal  Hetvicea  rendered  by  photography 
ta  Hfltroiioniy  hua  been  in  the  facilities  auppliod  by  it  for 
the  meaijureiikent  of  atar-cluaters.  The  reUtive  positions, 
CfiipeciaUy  of  the  eomponentfi  of  compressed  groups,  can  only 
with  titreme  dilfitulty  be  eMlablisbed  by  diratt  trianguhitions ; 
while  every  negative  taken  of  them  ^ee  their  contiguration 
at  a  given  epoch,  and  gives  the  meana  of  determining  ita 
obangea,  should  they  ocour.  Thua  tbe  plat'ea  of  aixty-two 
gtara  in  M  5,  mtal^^ued  at  Harvard  College  in  1897,  were 
estimated  by  ProfeBBor  Pickering  to  be  of  so  high  a  degree 
of  accuracy  that  attnuul  dlAplaceruentH  amounting  to  orie- 
bundredth  part  of  a.  second  of  arc  can  be  lielected  by  their 
comi>ari30L  with  results  similarly  obtained  Irom  platca  taken 
u  few  years  hence.^  The  foundationa  have  then  been  laid  for 
as  exteuHive  tmperstrui^ture  of  knowledge,  as  regards  both  the 
physical  and  the  dynamical  condition  of  globnlar  ^-lasters ;  yet 
centuries  may  elap?*.'  htifore  it  becomes  poB^ible — in  Kepler's 
phrase — to  *'  think  over  ogainn"  with  apprehensive  minds,  tbow 
wonderful  "  thoughts  of  Uod." 

'  Hartard  ATmaU,  vcL  xxjL  p.  247- 


CHAPTER   XXXI 


WfllTK   NEBtL^ 


"  Whitk  nGbulm  ^ — BO  called  by  rrofeawjr  Young  ' — nre  those 
giving  couUduoub  apectni.  TUey  nr&  in  sm  uuia&nt^  [nujcjiitj- 
They  are  reckoned  by  thoiiaftnds,  or  teoa  of  UioUftands,  gaseoue 
Dcbulfe  by  the  score.  True,  very  little  progress  has  becLi  niado 
with  their  actual  t^pectroecopic  exuminutinn,  tbe  faiDtnees  of 
their  rays  fonning,  in  general,  tin  maupernble  obntat'k  to  tbeir 
analysis ;  but  their  shape  and  aspect  supply  iTidications,  rarely 
miHle&ding,  an  lo  the  quality  of  their  light.  That  of  elliptical 
and  spiral  nebulae  is,  to  the  best  ot  our  knowledge,  always 
continuous;  and  with  these  nmy  be  daased  the  round,  centrally' 
eotideneed  objeotfi  which  abound  in  every  nebular  region  of  tbe 
sky.  Severiil  other  varieties  of  this  great  sidereal  faniily  might 
be  indicjLtcit,  but  they  arc  by  compurifwn  Hcantily  rep  re-enter  I, 
»nd  liuve  been  but  IJttle  ioveatigaled.  The  puiugon  of  white 
nebnla;!  ia  the  grand  ellipse  in  Andromeda.  No  other  is 
viaible  to  the  n*iked  eye;  it  should  be,  judging  by  appesirances, 
muth  the  nejirest  to  the  parth  of  the  whole  tribe  ;  its  struetTire 
is  Eq>lendidly  definite,  and  profoundly  sign ifiewnt ;  its  spectrum 
Hhcv^  peculijtriLiea  eliallenging  inquiries  whii-h  must  Ije  long- 
continued  and  arduous,  but  promise  results  of  far-reaching 
importiini«.  In  January  1899  Dr.  Scheiner,'  employing  a 
emiiU  apectragraph  in  combination  with  a  lEiirror  of  nearly 
LhirteBQ  inches  aperture,  and  only  forty  inches  focus-^^au 
apparatus  specially  adapted  for  dealing  to  advunUige  with 
objecti  of  eitende*!  surfacf — obuined  in  seven  hours  a  legible 

'   Oaifral  jfatrvnorny,  Hction  ft91. 

3  Jatr.  Na^  3b40  ;  ABtfoph.  JovPn.  roL  ix.  |>.  H«. 
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spectro^^rapb  of  the  uebiilan  The  iadityitions  gutbered  fi-oin  it 
were  of  ji  moat  surprising  kind.  Dark  rnya  were  j>erceived  to 
interrupt  the  continuous  light,  and  they  'wemed  to  agree  with 
the  Fiaunhcfer  lines  in  the  Kolar  B^Mittruni.  Tht;  Anilnjineda 
nebulfl  waa  ftccordingly  inferred  to  be  a  genuine  cluster  of 
fiolar  Btara ;  bub  thie  conclusion  ia  very  far  from  being 
securely  eatabliahed.  No  bright  lines  could  Jie  made  out  in 
the  Potsdum  photograph,  but  inaoy  have  bean  seen  at  Tulse 
HilL*  On  13th  Kovemlier  jiud  11th  DecemPjer  1897.  when 
they  were  ]mrticularly  distiuLt,  approxinitite  wave-lengths  were 
asfli^Tied  to  aix  or  seveiiH  all  of  which  fall  near  linea  in  the 
Wolf-Rayat  etarp.  The  reality  of  the  eointiidencee  cannot 
&t  pre^ut  l>e  pronouneed  upon ;  they  are  hinted  at  ruther 
than  asserted  ■  but  their  veiitieaLion  would  enforce  an  entire 
reuHfiting  of  ideju<  an  FpO  the  nature  of  white  nebuhe. 

A  photograph  ctf  the  Andromala  ellipse^  taken  by  Dr. 
Koberta  10th  October  1887it<et  the  example,  aince  e;^t€nHiTt:']y 
followed,  of  reaolrio;?  into  spirals,  with  the  help  of  the  camera, 
all  8orta  and  conditions  of  uebub^  It  wit^,  indeed,  a  memor- 
able picture.  The  vast  etructiu^  is  shown  in  it  and  its 
Bnceess<irh*  to  be  I'lirioweil  through  und  t,hrough  hy  tJiirk 
channels,  or  rather  by  i^  single  ccntinuoua  channel,  winding 
in  bynimetiical  convolutions  in  a  lefb-hoiided  direction  from 
the  compact  nucleua  outward  to  the  dim,  indefinite  margin. 
Thus  the  nebuk  is  act  simply  a  coneat^natiou  of  tlat  riogH 
Beparated  by  vacant  intervalfi;  if  it  were^  the  problem  of  its 
GonAtniution  would  be  lesH  difti{;idt:  Mince  the  annular  gaps 
might  repteeent  epacea  cleai-ed  of  their  contents  by  exception- 
ally  acute  gravitational  diaturbancoj  while  the  ejection  of 
.jOBtter  along  a  epirol  track  belongs  to  a  totally  dififerent 
order  of  pLenomana,  and  implies  the  operation  of  laws  scarcely 
yet  brought  within  onr  keu. 

The  Androinetla  nebiiln  ia  presuniably  a  round  dist-  viewoi 
obliquely-  If  ao,  the  angle  of  its  inclination  is  about 
25".^  Kemarkably  enough,  the  nucleuB  does  not  Bhare  the 
elongation  of  the  surrounding'  spires,  aa  it  should  if  it  were  no 
more  than    a  flat*  condeneation  in    theii'   plane.     Its  outline 


"  Crladiat  rhaoffTaiihf.  vob  it  |^  ffii- 
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ia,  on  th^  corttmry,  circulnr,^  anil  it*^  true  ahapc  must 
be  that  of  ji  globe.  I'here  is  no  probability  that  the 
inmiuiQi'able  fltarfl  strewing  the  formation  have  any  physical 
cnnnectioTi  wiih  it.  Two  email  nebula  in  its  immediate 
neighbourhood,  on  the  oiht^r  hftod.  certainly  fjeloug  to  ita 
syetem.  The  closer  and  brighter  (M  !t2)  was  discovered 
bj  IiC  Gentil  in  1749;  the  other,  ^hich  is  eitimtod  in  a 
nearly  opposit-e  direction,  by  Curolint  Herachel  in  1 78  3. 
Beth  can  be  seen  with  powerfal  teleseopea  to  be  included 
within  thv  limits  of  thfi  prinwry  agglomeration/'  I-e  Gentil's 
nebiiLi,  indeeJ,  apj^ared  on  a  Meudon  negntive  U>  lie  Sks  a 
condensed  knot  upon  one  of  itn  extrraal  spirea.^  and  the 
companion  objt^t  doubtlcsa  owns  a  amilor  origin.  The  latter 
is  nn  oval,  apparently  amurphouu  mai^  ;  its  longer  a^Lie  ia 
inclined  60^  to  that  of  tb^  gr^^at  nebuk.  The  two  satellites 
mity  eventually  yield  wgiiH  uf  orbital  revolution  :  or  the  whole 
disc  peihapB  rotates  aa  ool?  piece,  and  they  along  with  It ;  we 
cannot  attempt  to  decide  which  condition  is  the  more  likely 
to  prevail  Perhaps  neither  to  the  excluRion  of  the  other. 
It  is  conceivable  thnt  the  more  remote  member  of  the  BA-stem 
circulates  independently,  while  the  inner  companion  is  home 
onward  wilh  the  general  swirL 

Far  inferior  to  this  "  Ajax  "  among  the  nebolfe,  aithougb 
eminent  among  the  "  other  Arrives,"  ia  a  large  lenticular 
object  in  Cetua  (N.G.C.  252),  noticed  by  Caroline  HerBt^hel  in 
1783.  Sir  John  Herschel '  considered  its  "  etreaky  and 
knotty  "  textiire  to  d9D0ie  refiolvahility  into  BtJtrii;  bui  it  caiuc 
oat  inrttejtd  as  a.  fine  spiral  iti  a  photOfp;ajjh  taken  hy  Dr 
Koberte  2oth  December  1899,  a  reproduction  of  which  ia 
given,  by  hia  kind  permiasion,  in  Plate  XX.  The  wliorLs  ore 
evidently  much  foreaiiortened_  They  are  studded,  a'j  Dr. 
Roberts  remarks,^  "  with  numerouFi  condensations  of  a  stellar 
character,"  while  six  ordinary  stars  are  probubly  aeen  in 
projei:tion  upon  tlieiir  Measures  of  their  jHisitioiiH  relative  to 
each  other  and  to  exterior  stara  might  serve,  he  adds,  for  the 

'  Tliu  u  dani^i  by  U,  Auloniadi,  on  tha  i>tr«nfth  of  an  «bHDr^'Lti<!:i  vitb  tlte 
giitit  diilerostat  tjt  Pans,  lat  SvpE.  I90Q  i^iuvUd^t  Tot  xidiL  p.  2i\y 
'  Swifts  Pyj:  Aatr.  rol.  L  p,  U'J. 
'  lUbouidiii.  CitfMaj.  IV  Fcvrier  ia»8,  p.  ^2. 
*  Capr  Hrftfitt,  p.  63. 
>  JCnturitdgr,  vol.  jLxiiL  p- 113. 
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iletectioTi  of  auj  moyemeuLa,  rotuttoD^  or  tranfilatdotial,  hy 
which  the  ncbiila  may  be  iifTei^teii.  Ite  cou^iderab!^  aouLh 
ktitudo  bvingfi  it  within  tbe  sfuxitrogmphic  domain  of  the 
Oap&  Uhaervatory,  and  the  Mu Clean  apparatua  might  be 
competent  to  ohtaiit  an  impression  of  a  ^^pectruiii  sure  to  prov^ 
mLeruHling,  if  (inly  it  can  Im  nidilu  diritiiit^tlj  visible. 

A  nebulous  "  raj"  in  Ursa  Mjijor  (M  82)  was  deAcribed 
by  Lord  Kobso  aa  '^a  most  extrunTdiuary  object,  al  leaf^t  ton 
minutes  of  arc  in  length,  and  croaaed  by  ^overal  dark  baiuiB."  ^ 
Th&ae  run  obliquely  to  tbe  axis,  and  t,nve  the  nebula — as 
Mr.  lugall  Mtid — ''  a  twistad  appflaraace,  like  a  distaff  of  flmx.* 
It  Ei[]pear8  lo  possess  two  L;^titre8  of  condriEiaation,  whioh  rntlAt 
lend  no  alight  comple^ilj  to  its  internal  ec-onojuy,  Eauh  %b 
perhaps  the  Btarting- point  of  a  Bepaiate  arraDgf^inQiit  of 
Lumiaoui^  ooiJs,  but  no  fair  viow  can  be  got  of  them  ;  they  are 
foreshortened  into  mare  broken  lines.  The  nebula,  iJr,  Kobejt& 
piplaiua/  is  preaanted  to  us  'Mn  eection,  and  tbe  upper  and 
lower  huifa(^f.s  are  very  rugged.*'  Tbe  diviaioiiB  betwtjeo  tbe 
rings  hence  took  shape  in  a.  oegative,  l^t  which  be  gave  throe 
UDd  a  half  houra'  exposure,  31at  March  1SS9,  as  "  rifla  atul 
atteouatcd  placoa"  not  obviouBly  tittiu^;  together  into  tt 
h.'^nnoniou^  plaiu  Tlie  profile  of  a  eorru^ated  diAC  is  not  an 
easily  intelligible  object,  and  Uiat  h  all  thiLt  can  be  aeen  of 
M  82,  Pernpective  has  dona  itn  utnioi^t  to  dir^^uiHe  ita  true 
aspeotn  Turned  ^gewtao  toAfuda  the  earthy  it  betrays  ooly 
by  ita  indentations  and  rugoeitiea  Che  effecte  of  the  ploughing 
action  to  which  for  ages  it  has  bccQ  subjected.  Swift'a  "  hair- 
line nebulje  "  belong  to  the  eume  category.  They  show  as  bATe 
atn-aks  of  nebulosity,  bulging  a  little  where  tbe  nuclei  pro- 
trude. Presumably  they  are  (inX,  circular  aurfaivea.,  the  pianos 
of  which  coincide  witb  the  line  of  sight- 

The  "ray"  in  Ursa  Major  is  not  solitary.  It  ie  placed 
at  a  distance  of  only  43'  from  a  larger  structure  (M  81), 
evidfiOtJy  of  tht*  same  general  chariicter.  TJie  two  were 
pbotugrapbed  together  by  Dr.  Rolwrta  in  1889^  and  cannot 
be  wholly  disconnected.  The  primary — if  we  may  call  it 
so — resembles  the  great  Andromeda  nebula,  and,  like  it.  waa 

'    l^rtw.  HayrU  t>uhl»M  Sixitly,  vol,  LL  p.  TO. 
■  Engl.  MicJmnie,  ml.  rlii.  p.  311. 
'   Ceic^iai  Phaioyrafiivi,  vol  I.  p.  7*- 
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reKolved  into  n  Hue  Hpiml.  The  sppctra  of  boi-h  objetts  were 
fuund  fay  Sir  Willtum  Huggius  Ui  be  cortinuoun;  btiL  Iht* 
aigDificant  details  disguised  b/  appurent  oontiauity  have  still 
to  be  revGulcd. 

Tbft  essential  farmativQ  law  of  white  nebuLor  iB  uiimis- 
takably  th»t  of  epimlity.  This  uonvictioD,  strongly  upheld 
\>y  the  Icng  series  of  chi?  C'rowb^iroii^h  pi(!Li]re><,  wtid  irnifutablj 
eatabliahed  by  Ptofesflor  Keeler's  phoUigmiihic  survey  with 
the  Crowley  redoctor,^  Owing  to  the  strong  Ught^col letting 
power  of  Iho  instrument,  the  harvcBt  of  nebiUro  garnered  was 
8o  plentiful  thsit  the  number  within  its  reach  over  the  whole 
heavens  was  estimated  at  do  leas  than  120,0OU,  uud  nenrlj 
aU  of  th^He  L'-ELD  bb  iufeired,  froiii  the  preliminary  ri»(i)ta 
obtained,  to  liave  a  epirnl  abape.  On  the  Liek  pUtee,  tii  fact, 
;i  STuall  comp^ict  nebidc^,  not  di!:<poW  in  luniiiiouA  coila,  etood 
oat  as  a  rarity.  All  apiadle-uobulo;  werii  riywlved  into 
flpirala  viewed  aslant,  but  into  epirals  of  various  degi-eas  of 
complexity.  Some  conslal  nerely  of  two  curved  branebes, 
Hhapeil  Iik»  the  letter  S,  and  diverging  oppoflitely  fiiuit  a 
nuclear  oondeuaation,  An  ohject  of  the  kind  situated  in 
Peguflus  (N.O.C\  7479)  la  reprotluuxi  from  Prf^feesor  KeeJer'fl 
phutogntph  iu  flat*  XXL  Subjoincil  are  the  drawiiiga  by 
J.  Her3cbel,  d'Arreat,  Lord  KoHset  and  Tempel,  with  which 
Keeler  compared  the  autogrupb  picture.  They  make  ait 
iuHtructive  study.  HerHehel  8ftw  the  ohject  as  a  narrow 
apindle  "extended  between  two  stars.''  d'Arreat  as  a  loaenge; 
Lord  Rotfflo  (wrceivcd.  in  (Ldditionn  a  mass  of  spiral  convolutieua 
Hurroiindiug  a  fwnt  star,  while  Tempol  caught  the  double 
efifbet  of  a  round  attJtched  to  an  eloiij^ted  patch  of  Inininoaity, 
but  failed  to  didcerii  their  true  (wnoecitiou.  At  last  on  the 
Link  plates  the  *»tijeet  discloBod  iteelF  uad<?r  aa  intelligilile 
aspect.  "  A  glance  at  the  photograph,"  Profeaaor  Keeler 
wrotc,^  "  flhowi^  that  the  nehuU  ia  a  two-branchedp  left-handed 
Rpiial,  with  a  nucleus  or  eondenBatien  neur  the  point  ol' 
inflection.  The  pjroeding  famnch  ift  strong  and  single,  but 
the  following  braneh  is  split  iat«  two,  whioh  crfiss  wh^re  their 
curvature  is  greatest,  at  some  distpAUce  from  the  centra  uf  the 
spiiaL  and  unite  again  at  their  extremities.  This  appearance 
in  the  components  of  the  foUowing  hronch,  and  the  fact  that 
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the  ends  of  both  hranthea  curve  around  «>  iia  to  approach  the 
centre  more  cloaelj  than  do  the  iateniiediate  parte,  are  doubt- 
Icaa  effects  of  projection,  the  plane  of  the  spiral  iymg  obliquelj 
to  the  line  of  sifj;ht." 

I/jrd  KoBse'fi  etar  occupicB  the  centre  of  the  spaco  fence^l 
round  by  the  priwediog  bnmch  {that  to  the  left).  "  It  would 
be  of  gruLt  intereat,"  the  Llek  iiHtrouoiuer  continued,  "  to  kDUW 
whether  this  singular  position  of  the  star  ie  accidental,  or 
whether  the  etor  and  the  nebula  are  phj^iuallj  connected,  and 
if  Ro,  in  what  way  the  Btar  was  left  in  its  pvesoQt  poaitiou 
daring  the  process  of  contiBction.  On  the  fir^t  of  these 
q^ueaLioiiH  an  inve^stigatioo  of  the  sj^ieetruci,  which  will  be  made 
in  due  t^luie  "  (the  time,  dJas!  never  came),  "amj  throw  lighL 
Aflsumiug  for  the  present  that  the  star  is  phjsicsiUy 
connected  with  the  nebula,  it  Bcema  to  rae  poesible  that  the 
proiimity  of  thiE  atar  may  account  for  the  oneymmctrit^l 
appearance  of  the  spiral,  which  may  be  due  to  an  actual  differ- 
ence  in  the  dimeiiAiouH  of  the  two  IjraneheB,  or  to  their  lying  in 
differently  inclined  planes." 

The  firat  nebula  in  which  a  spiral  conformation  waa 
recognised  ia  etill  ttnsurpa^t^  as  a  specimen  of  its 
class.  We  are  enabled,  by  Mr.  W.  K  WiJaou'a  kindneas,  to 
reproduce  in  Plata  XXIf,  his  tine  picture  of  this  stupendous 
object.  The  coils  are  left-lwnded ;  tliey  follow,  as  they  issue 
from  the  nucleus,  the  liue  of  movement  taken  by  the  handa  of 
a  watch.  Our  view  of  tEiem  ia  atraiglit  and  Bqiiarc  ;  they  can 
bo  little,  if  at  all,  foroshortoned.  Yet  they  do  not  wind 
ayuimctrically  roimd  tbcir  origin.  Their  flow  in  broken  and 
distorltd,  like  the  current  of  a  river  by  jutting  rocks.  Tho 
epLial  ifl  fundjune^itftlly  double.  Two  roain  Htieaua  leave  th? 
nucleus  at  diametrically  opi>oeite  points,  and  pieetrve  tlieir 
Bepanitfl  individuality  until  they  melt  away  into  the  outer 
dtirkneBH.  Tli^^ir  course  seema  to  be  prescriljed  esaentially  by 
the  combinatiou  of  an  ejective  with  a  rotatory  velocity; 
dlBturbauceg,  however,  manifestly  supervene.  The  branches 
divide  and  reunite ;  they  are  cloven  and  bosay ;  they  swerve 
widely  from  the  circular  track.  This  ia  especially  remorkalde 
in  the  case  of  the  longest  and  brightest  arm,  which  stretcbee 
irregularly  outward  to  join  a  aecondary  bxCerior  nucleus,  TLia 
eircumatanee  alone  auttices  to  prove  that  the  diffuaion  of  matter 
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in  this  r^rmatioa  hoa  been  outward  Tbo  portorbmg  nmas  vtob 
undeniably  there  bofoic  the  luminous  stream  which  it  diverted 
begJiD  to  ^w ;  and  iCti  dow  was  t^ulte  plainly  towurds  it  fiom 
withiu-  Other  iiidiciitmns  of  utnLrifugul  lu^tion  are  visible, 
Ur.  Wilflon's  phubo^ph  shows  "cojnel&ij  tsih  curved 
like  a  plume  awity  from  the  uentral  niiclcue,"  attached  to 
some  of  ihe  denacr  knots  on  the  convolutions  of  the  spiral;^ 
and  these  effects  uf  appoieut  repulsion  are  likewise  eleaily 
legible  on  Lick  and  Cruwborouyh  plates  of  the  eome  object. 

IndruiightH  or  intalls  feui  s]itrt;e  are  not  liere  toncarned, 
wbcitnLti,  in  Mi.  T.  0.  Chamberlia'a  worda,^  "  the  eflectfi  of 
explosive  projection,  uombine^l  with  concurrent  rotation,  mnal 
obvioualj  give  rise  to  a  spiral  form."  Ench  aucb  nebula  (and 
there  are  tens  of  thousanda  of  them)  results,  in  his  view,  from 
the  *'  approach  without  tioUiaion  "  of  a  roving  star  to  a  eoiupact 
ganeuim  mu£&  Strained  to  the  jroiittr  of  dihnjpiion  hy  tidal 
induenoee,  this  embryo  vortex  would,  at  a  given  laoment,  pro- 
ject from  both  eitremities  of  the  ellipsoid  into  which  it  had 
become  elongatedn  a  stream  of  mateiial  cuned  into  whorb 
through  the  continual  slockeaing  of  ilfi  angular  rate  of 
rotation;  and  the  double  oatastrophic  outrun  served  to  con- 
stituLe  a  grsiit  ^yHtem  of  (^hiniug  rtpires,  Hubset|iieutly  dlvertfided 
by  the  auperveuing  phenomena  of  minor  outbrcaka.  This 
rationale  ho?  mrn^h  to  recommend  it,  and  probably  restfiupona 
substratum  of  truth;  yet  the  events  contemplatod  in  it  are  on 
a  gmall  scale  hy  comparison  with  the  grandiose  dimenaions 
which  we  must  a.scnbe  to  spiral  ntihul^ 

Lord  Ko»4e  describeil  a  nebula  situated  near  the 
ataj  83  Ur«e  Majoiis  (M  101^tf,O.C.  5457,  5458), 
as  a  large  fatnbish  spiral,  with  several  arms  and  knots,  at 
least  11'  across.^  A  four  hours'  exposure  at  Lick  brought 
into  view  a  eurprisiag  wealth  of  intricate  JetoiLs.  The 
groundwork  of  the  structuro  ugreea  closely  witl]  that  of  the 
great  spiral  in  the  Hunting  Dogs.  It  h  txinposed  of  two  nmm 
elfuaioufl.  sweeping  round  from  left  to  right.  But  they  spread, 
and  apht,  and  ramify,  drawn  hither  and  thither  by  multiple 
attractions,  whila  preserving  in  thoLF  compler  interLacings, 
the  whirling  impress  of  their  origin. 

>  A0tfimi»niail  amd  Phytintil  lUKnvvfifA  oi  ArnmiAA.  App«nd«1  niiutintlonft 
*  Mitirv/ih.  Joum.  vol-  liv.  |>.34t        '  Tfiint,  li"jf*i  JfHifii»  Socutjf,  voh  ii.  p.  136. 
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"  Three-biiUMihed  spii'iklH  "  Htill  survive  h^%  and   there  io 

cfttftlogUEW.  Suf:h  were  aiipijofled  to  be  the  delitwbe  ahjecL*;, 
M  99  m  Vi^o  {N.a.O,  4251),  and  M  83  id  tli*f  htiiul  of  the 
Centaur,  But  the  triplicate  fonu  o^cribed  to  them  waa  most 
likely  of  optitsal  creation,  Thera  ie  no  ejilisfaclory  evidctiGe 
that  it  exists  m  n^ituw.  So  far  as  we  can  jui%e,  the  gpirol 
ty\ie  ori^nated,  hy  fuiidjLiiieiital  Ttet^sslly,  thruugh  u  double 
outdow.  in  contmrj  directiooa,  hoin  the  parent  m&Bs.  A  modp 
of  genesis  is  iDtimnt'^d  whioli  recaUn,  though  dietaittl^.  Lbr 
diamutiically  oppu^>d  tiraptiona  not  uncummoTily  witacsscd  ou 
the  Baa  It  muy  be  added  thiit  uo  genuiue  spiral  appears 
he  a  simple  watch-spting  eoiL  Thia,  to  be  sure,  is,  to  so 
ext«!tt,  A  matter  of  definition.  It  de^Mindii  upon  whnt  we 
agree  to  call  a  spiral  Debula.  Vet  the  difference  will  ninsi 
likely  prove  to  be  tmiical  l>etween  atars  witli  carving  trains. 
liko  Miiia  in  the  Pkiadoe,  and  thoao  cosmic  "  wbirlpoola,"  every 
trait  of  which  te^tifief;  to  the  counterpky  of  multiple 
activities. 

"  Couietary  nebulae  "  are  not  Tcry  rare,  and  they  present 
aspects  of  coofiidt'rable  variety.  The  nuclei  are  not  &lwayA 
atelL-ir.  nor  are  the  appeadugetJ  uttached  to  them  in  alj 
caacB  iiilleote(i  A  few  havt  been  photogmphod.  Tiiua  lut 
object  (N.G.C.  1999)  50'  south  of  i  Oriouis  was  noticed  by- 
Lord  Rosue  KB  res^mblin^  '*  a  comet  coileil  into  a  ring  oebula,"  * 
and  appeared  under  the  aame  form  on  a  [date  e:cpcifled  bj 
Dr-  CominjQ  with  his  three^foot  (now  the  Croaaley")  reHector  in 
Febniary  18S-i."^  Its  Bpectrum  has  not,  that  we  are  aware 
been  ejiamined.  "  Heaping-hook  "  Bhapee  alBo  occur.  W< 
of  the  Ai^o  nebula,  a  falcated  and  farkt^d  triil,  10'  long,  was 
observed  by  Sir  John  Herft-tiel  to  iiwne  from  a  granulate 
perhaps  a  double  nucleus^  (N.Q-.C.  3199).  The  inner  edge 
aharp,  but  it  ffti^ee  gradually  outward.  Coraetary,  too,  in 
N.G.C^  520.  It  has  an  indi^jtiuct  nucleus  and  a  bilid  tmo.* 
A  nobulouB  hyperbola  with  a  Btar  near  the  vertex  (N.G, 
2366)  is  met  with  in  Camelopardnlia » ^  and  fan-shaped 
apjieiidageH  to  atellar  condeusittiojiH  lue  a  recogulHed  variety 
of  the  flpeuieA.     A  pair  of  these  lingular  objtvtTf  were  pho 


"aa       ^ 


J  Tna*M.  HoyftJ  Dublin  SoeUt/\f,  toL  iL  p,  &0, 
^  Obt'^rvatoty,  toL.  Kii.  p.  84-  '  Oapt  HauJti.  pp.  30,  U. 

*  Kci«ae,  7>niij.  /i:fiva^  Ihibln  Svcitht  toI.  ii.  p,  IS.  *  Ibiii.  |i.  !>7- 
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^phed  by  Profeaftor  Buroftri.  Sad  February  1804,'  ip  th-:- 
imnicdittt*  neigh hourho->ii  of  Che  bright-bno  star  7  Uuaaiopeiie- 
His  skeU:h,  showiti^  their  poHitions  with  r^ard  to  it,  lb  copied 
Id  Plate  XXIII-  Fig.  1.  These  do  not  &&em  to  be  cusual 
Tb<f  ojieninc  out  of  th«  two  (knrt  abralghL  away  from  tha  »tar 
AUg^ts  all  express  pLau  of  orienUtJon.  lilach  nebula  in  about 
15'  ill  diameter  Tbey  are  "  esceasiveljr  fiiiiit  and  dilute,"  and 
almost  elude  viauul  obeervntion.  In  Profeseor  Baraaid'ft 
opinion,  they  would  never  huve  lieen  deteuLed  otherwise  than 
hy  chemical  mftiiih.^  Yet  they  photograph  easily  enough  ;  and 
if  thia  actinic  quality  denotes,  aa  seems  probable,  a  gawouR 
couaUtutiou>  meutioii  of  them  should,  properly  spBakiug,  be 
poetponed  to  n  later  cliaptcr,  Their  spectral  claaaitication< 
however,  is  likely,  for  aome  time  to  oc*inft,  to  remain  mutter 
of  TOnjecture.  Dr,  Roberta  obtained,  with  ninety  minutes' 
erpoHure  on  26lHh  October  ISS.^.  an  excelli^Mt  photograph  of 
the  twin  fan  nehuiiB,  in  whicli  tTace^  of  a  lumiooua  connection 
arc  apparent.* 

"Rifted"  nebula;  muab  be  classed  as  a  variety  of  the 
elliptical  Bort.  They  ap|jear  either  an  cloven  discs — N-<i.C, 
^128  in  Centaur  ia  an  example — or  as  parallel  rays,  auch  as 
A  bifid  atreak  in  Ijeo  (N,G-U  3623),  A  probably  analogous 
ntrui^bure  in  Andromeda  wan  photographed  by  Dr,  Itoberta  in 
1891.*  It  came  out  immensely  elongated,  and  with  just 
Bucb  a  '^chink  in  the  middle"  as  had  been  seen  by  Sir 
John  Herschel,  who^^e  opinion  tliat  the  nebula  war  the  fore- 
shorbened  representative  of  a  thin,  flat  ring  of  enormoua 
ditn  laiouM  thua  received  Btrong  eonhrmalion.  Yet  the 
added  ligbb^power  of  the  Paraonstown  mirror  bad  extended 
Herachore  "chink"  into  a  channel,  running  from  end  to  end 
of  the  formation.  Or  rather  the  retinal  impteBsiou  aBbrded 
by  it  had  been  miafnterpreted  in  this  Ben^iOi  for  that  it  was  a 
mi  Bin  terp  relation  the  tamera.  mpoutfovertibly  asaertH.  The 
error  m&j  serve  jih  an  illustration  of  Professor  Keeler's  remaik 
that  "  the  most  obviour^  tendency  of  the  draughteman  is  to 
prolong  a  line  or  curve  l>eyD[id  the  point  at  which  it  actually 


*  Thtjy  Hem  tir  [avo  baeu  daplctcd  tvm  mantle  BU-lJrr  by  Ubx  Wulf     dee 
Asir.  2iiVA.  N<a  3214,  3217. 

*  Attr,  t%nd  Aatfvp/iysut,  vol.  xiii.  fi.  IHS. 

■  Qekatifil  Photegr^Ki.  vol  il  p.  1  flfl-  «  Ihid^  nl  i.  p,  il. 
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Htopa." '  A  riuapicion  tjven  luities  thut  other  teleBcopic 
preaentmeata  of  i-aya  split  through  out  their  length  are 
aimilJtrly  mtaleadingH  and  thai  Lbey  are,  in  Tact,  like  thit 
^lii:LinLermg  oval  in  Aiidromedji,  riugs  thrown  into  ]x^Fspective. 
Otherwise  why  Hliould  the  d&rk  riftfi  always  coindde  in  djiec- 
tioiL  with  the  inEijor  a^es  of  iidch  formations?  If  these  are 
rfJilly  drcukr  discs,  tliey  might  an  well  run  across  «s  airing 
them;  but  they  aevor  don  We  must  thea  choose  between 
two  infereacea  Either  the  nebtiltb  are  in  fact,  and  not 
merely  by  optical  projection,  elliptical,  in  which  case  a 
Icngiiudinal  line  of  cleavage  would  be  intelligible^  or  they 
are  luminoug  rings  viewed  very  obliquely.  It  must  indeed  be 
whailted  that  the  strong  development  of  nuclear  t'4>udeaHa- 
tions  in  Bome  rifted  aebiilie  appeaie  ulmost  bo  exclude  the 
latter  alternative.  Dr.  Koljerta's  pliotographa,  for  inabaDce,  of 
N.G.C  4o5iJ  in  Coma,  Berooices,  and  of  N.G.U.  45^4  in 
Virgo,^  exhibit  an  arrangemenl-  of  parts  inaisteu-tly  demanding 
&  different  ej:  planet  ion.  What  Heeinn  i-^rLri-iii  is  that  no 
single  priiwiplc  is  valid  all  round.  MiHlLQcaiionfi  must  be 
introduced  to  meet  the  exigencies  of  nature's  endleoa  variety. 

The  great  mujonty  of  white  nc^buhe  might  be  called 
globular  dusteru  in  ditiguiBe,  They  present  a  round  surface, 
condensed  centrally  by  gntdationa  testifying  to  their  true 
spherical  furm.  The  only  obvious  dUtinction  between  them 
and  "  ballfl  of  stars "  is  that  they  aie  irresolvable  by  any 
telescopic  powers  that  can  be  brought  to  bear  upon  them- 
And  the  suggoation  Lies  close  at  hand  that  this  quality 
depends  wboUy  upon  diatanco — -that  round  nebula  are  neither 
more  nor  leas  than  remote  globular  clusters.  Yet  it  (^aunot 
\tti  wlopi^eil  withuut  hertitfttion.  The  spdce-mlatious  of  the  two 
clasBaa  of  ohjec^t  are  very  different.  CluBteia  frequent  the 
Milky  Way;  white  nobulie  avoid  iu  The  diecrepancy,  it  ib 
true,  may  be  capubli^  of  rec^oncileoient,  but  by  a  aomewhal 
elaborate  artifice  of  speculation.  Nor  ia  there  auy  immediate 
proapect  of  solving  the  ditliculty  by  the  aid  of  the  spettro- 
Hcopt!.  We  are  uuaL'^jiiainted  at  present  with  any  criterion 
for  distinguishing  coutiiiuoua  nebular  light  from  that  of 
compressed  ^.'lusters.  One  may  eventually  be  found,  but 
ita  application  mast  always  bo  a  matter  of  extreme  di^licucy. 

'  AairopK.  Jtnim,  to],  xi.  (l  4.  ^  Ctiatial  PkUi^Taphirt  roL  iu  p.  lU. 
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Professor  Max  WoITs  Giploratioua  of  the  lieJiveaa  show 
them  to  ht  strewn  with  an  incrreilible  tiiliqW  of  EikiHll  fainl 
nebulas.^  Directlj  vieible  only  hy  el^i6ive  gUmpsesn  they 
come  out  individually  distinct  and  measurable  on  eenailire 
plates;  and  the  Heidelbe^  obaerver  has  already  laid  hie  plans 
for  the  constiuotion  of  a  photographic  catalogne  of  nebulae, 
likely  to  1>e  at  legist  twenty  LinieH  more  vcIuhiidouh  than  th^ 
moflt  exhuufiUve  visiial  eoumerabLon.  Iti  certain  regions  he 
indeed  found  that  only  two  per  ceot  of  the  dim  objects  delineated 
on  hie  plates  had  been  pievioiialy  recorded.  The  newly 
discovered  crowd  vary  greatly  in  shape.  Some  are  round  and 
compact ;  many  more  are  round  and  diffuse  ;  there  are  i^irab 
amoEig  them,  find  fipiudlen,  and  ilrai^ied  or  arched  formations. 
A  aurprifiing  number  are  marked  '*  plajietary,"  and  are  hencSn 
presumably,  gaseoua.  The  phyaical  nature  of  the  reab  is 
inferable  only  when  the  detioiteneaa  of  their  shapes  pre3cribe 
their  arrangement  in  eome  eetablished  category. 

Thus  we  are  able  to  assert  confidently  that  those  dis- 
posed nloQg  coiling  lines  or  projected  into  raya  and  ellipses, 
give  continuous  light;  but  if  we  attempt  to  go  further,  and 
obtain  a  clear  conception  aa  to  how  the  light  originated, 
embarmasraeuta  beset  our  path,  Lot  us  confront  them  fairly. 
The  only  white  nebula  of  which  the  spectrum  has  been 
observed  to  any  purpose  is  the  great  elliptical  spiral  in  Andro- 
meda. It  almost  certainly  includes  line^  or  bumls  of  absorp- 
tion; it  ia  probably  nmrked  by  traits  of  emisdoo  as  welL 
Plausibility  is  thus  lent  to  the  opinion  that  the  nebula  is  a 
genuine  cluster  of  stars  amalgamated  by  diatance  into  a  aoft 
haze.  The  haze,  however,  Bhines  very  dimly;  its  lustre  ia 
almost  evan^uent  companitively  to  that  of  the  sun.  If,  then, 
its  component  particles  are  true  suns,  they  niui*t  be  inordinately 
far  apart  For  the  sake  of  giving  some  precision  to  our  ideas 
on  the  subject,  we  niU  attempt  to  illustrate  this  numerically. 
[f  we  assume  the  central  parts  of  the  nebula  to  possofis  ^^th 
the  intrinsic  lustre  of  the  full  moon,  or  (what  comes  to  the 
sume)  Y^  millfouth  that  of  the  sun,  while  consisting  of 
scattered  ^loliea  of  wjlar  brillianry,  it  foUown  thiit  this  also  is 
the  proportion  bet^-een  the  total  bright  area  covered  by  their 
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discs  and  the  dork  area  of  vacancy,  the  diiDneas  of  tho  ncbala 
meaauring  the  spread  of  the  interspace.  Hence  the  oomponent 
etai^f  taking  each  to  be  hitlf  u  million  of  miles  in  diameter, 
Rhould  bii  HeparHted  trom  iU  next  neighbour  hy  an  interval  of 
more  th&n  5000  millitmB  of  miles,  as  seen  projected  upon  a 
pkoe  perpendicular  to  oui  line  of  vision.  Their  real  diatancee. 
fiince  they  are  presented  to  us  elantwise,  would  of  course  be 
very  much  greater ;  bat  with  them  we  are  not  just  at  present 
ooneemed.  We  must  nesct  Uy  to  form  an  estimate  of  bow 
close  tiigetlier  theee  fluu-like  btjtlie.s  Hbould  apj*e!ir  to  be  in  onler 
to  produce  the  observed  effbct  of  a  Hmooth  luminous  Burfaoe. 
If  the  gapri  amounted  to  ooe-tenth  of  a  aecoud,  the  nebula 
would  certainly,  with  the  powerful  and  perfect  telescopee  now 
in  use,  Bhow  symptoms  of  resolvability.  Yet  none  appear. 
The  fog  doea  not  even  tend  to  condense  into  droplets,  and  the 
tempomry  atar  of  1885  stood  out,  to  the  laet  hour  of  ita  vixi- 
bility,  by  contraated  light^uality  from  the  soft  Burrcpuuding 
glow.  Allowing,  then,  that  the  linear  ijitcTvab  of  5  0  0  0  millions 
of  miloa  between  the  constituent  bodiea  of  the  Andromeda 
nebula  are  repreaented  by  optical  iutervala  of  -^th  of  a  second, 
we  arrive  a.l  a  pirallax  for  thaL  vast  structure  of  less  than 
TtfeTr"'  ^'^  other  wonK  ita  rays  apenU  alnrnt  3300  yean 
in  travelliug  to  the  earth.  At  this  distance,  the  etars  we  have 
supposed  aggregated  in  it  wuuld  appear  of  Jifbeenth  magnitude. 
Now  they  should  in  the  fainter  outlying  parta  of  the  nebula 
be  more  eparsely  diatributfid  thaa  near  the  centre,  and  as  tbej 
thinned  off  they  would  inevitJibly  appear  io  their  proper 
guise  an  £.fteenth-magiiitude  slam  But  the  texture  of 
the  glintmering  haze  remains  the  same  in  every  stage  oS 
attenuation. 

It  may  then  be  taken  as  cettaiti  that,  if  this  object  be  of 
etellar  constitution,  it  is  made  up  of  stars  smaller  and  eloaer 
together  than  we  have  supposed  \  unless  we  are  prepared  to 
lengthen  atiU  further,  and  very  materially,  a  light-jouruey 
already  protracted  to  the  verge  of  the  incredibla  It  is  not. 
however,  eoey  to  conceive  that  bodies  much  less  tban  half 
a  million  miles  in  diameter  oan  be  truly  suudike.  An  out- 
pouring of  light  and  heat  in  th**  profuse  measure  exemplified 
by  the  sun,  iinpliee  storage -act-unimoduiioEi  on  a  colossal  HJale^ 
and  the  spectrum  of   the  Andremeda   nebula,  so   lai  aa   it 
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can  be  deciphered,  seems  to  ccrrespond  to  a  high  standard  of 

Undoubtedlj  the  puth  "  cf  laist  reedstance  "  is  tno  accept 
the  at-ellar  origin  of  Debaluj  mdJauce.  It  is  not  entirely 
practicable,  but  ovory  other  is  impas&able^  The  eolar  corona 
pre^^nts  no  tqaI  analogy  to  white  nebulie,  emce  it  i&  kept 
incHddeac^at  by  the  potent  agency  i^  the  ffun^  wltile  their 
glow  Ib  belf-fluat^ainiug,  Tbis  it  (vlij  only  t>e — uettiug  aside  the 
vague  poaaibility  of  electi-it^al  diacbar^s — by  tbe  sacrifice  of 
laotioa  in  eome  I'Drm.  According  to  Sir  !Norman  Lockyer'e 
well-known  hypotbesia,  tbe  collisions  of  swarming  meteontea 
supply  the  evolved  energy ;  but  there  is  little  or  no  evidence 
that  the  can&e  aitl^B,  cr  wuuld  be  aiieqUHte  if  it  did  act.  We, 
at  letLSt,  have  do  experitnee  of  its  operation.  Tbe  only 
mebeorio  coUiitioDa  we  know  of  are  with  the  earth,  which  spreads 
a  wide  net  for  the  capture  of  fl}^!!^  ooemic  particles. 

As  an  alternative  suggestion  it  may  be  worth  considering 
whether  the  shining  of  uebnlae  might  proceed  from  a  very 
alow  loss  of  circulatory  spe^  through  the  rei^ifitance  of  a  ga.st»ua 
mediviuL  A  pulverulent  constitution^  leEembling  that  of 
Saturn's  rings>  should  then  he  attributed  to  them;  they 
would  ocDaiet  of  roiattvcly  email  masses  interfused  with  eonje 
highly  subtle  aerial  remnant,  tbe  distinctive  bright  linee  of 
which  odd  complexity  to  the  neholar  spectrum.  But  tbe 
velocity  of  circulation  in  such  structiu-es  should  increase  out- 
ward Other  things  being  equal*  they  ahould  accordingly,  if 
arrested  motion  wero  tbe  source  of  their  luminosity,  ^in 
brightneaa  with  increasing  distance  trom  the  centre.  The 
reverse  is  very  markedly  tbe  case;  but  the  attendant  condi- 
tions are  so  iiitri<^ate  that  tbe  contradiction  neei  not  be  fatal 
to  the  H{<eculation.  It  cannot,  however,  be  usefully  discussed 
apart  from  a  profound  study  of  the  dynamical  condition  of 
8uch  a  peculiar  system  as  that  just  indicated;  and  this  we 
must  leave  to  more  competent  authoritiea. 
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"  DOCBLB  nebul©;'  Dr.  See  wrote  in  1893/  "hare  been 
greatly  neglected  since  the  time  of  Sir  John  Hersohel,  but  it 
is  to  be  hoped  that  OBtTODomera  will  again  give  adequate 
attention  to  these  reinarkable  objects,  whicb  t^hould  be  at 
onco  ajfiteiiiatically  studied  and  pboto^jihed.  If  accurate 
drawings  or  photogiajtha  of  these  objects  yvere  now  made,  it 
ia  not  to  be  doubted  that  important  changes  oould  be  observeii 
fifty  years  hence." 

Hia  Etpecial  interest  in  them  originated  from  a  research 
into  the  *'  evolution  of  Btellar  ayatenis."  ^  Sir  Jolm  HerecherB 
dxawij^  of  coupled  nebuhL-  illustrated  moat  aptly  fjia  tbeory 
of  the  origin  by  "fission"  of  double  stara,  eome  appearing 
actually  modelled  upon  Poincaru'a  "  apioid" — the  figure  assumed 
by  an  ellipaoid  when  becoming  uostalili?  under  the  atresa  of 
incireaBed  axiiil  rotation,  jind  H-bout  to  break  up  into  unequal 
maeses.  Without  entering  into  details  regarding  the  prooeas, 
it  may  be  explained  that  disparity  in  the  products  of  disruption 
indicates  want  of  lioruogencity  in  the  parent  body,  so  that  the 
eoonei  the  components  separate,  the  ^p:xjater  the  chance  of  their 
approximate  equably.  But  the  result  of  photographically 
investigating  the  pattern 'Objects  vjoa  completely  to  alter 
tbe  iMjinIr  of  view  from  which  tbey  had  to  be  regarded 
"  The  actual  nebuite/'  Profeeeor  Keeler  stated,'  "  have  almost 
no  resemblance  to  the  tiguies.  Tbey  are,  in  fact.  8x>iraLa 
aomotimes  of  very  beautiftd  and  complex  structure,  and   in 


'  Attr.  fitui  .'iafrupfi'jiia,  vul.  xii.  p.  300. 

*  Pabllahftd  u  aq  "  Tnaugnml  ni«sertattoti  "  tt  Berlin  ia  IflVS. 
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any  one  of  the  nebulro  ihe  secondary  nucleus  of  Hectichel'a 
figure  is  either  a  part  of  the  fipiml  approauhbg  the  mflin 
niitleua  in  brightnefis,  or  it  cannat  lie  idectitied  with  an/ 
real  part  of  the  object."  There  had  been  premonitioaa  to 
this  piece  of  "  destructive  criticiani/'  Manj  apirala  are  readily 
Be^D  to  be  essentially  duplex.  Such  is  thair  e:!einpkr  in 
Canes  Yenatioi,  the  second  nucleus  of  which,  separately  cata- 
logue! by  Sir  John  Herschel/  was  brought  into  connection 
with  the  tirat  0[dj  when  the  interveuiug  whorl  of  nebulous 
matter  disclosed  ittself  at  rarsonstown  in  April  1845.  In 
many  other  caaoeH  the  blighter  knots  which  tend  to  form  on 
curving  branches  are  seen  isolated,  for  lack  of  light  to  ld.ng 
the  linking  filaments  into  view^  with  the  outcome  of  visually 
decomposing  one  format  ion  into  several.  Thus  telaacopic 
icnprovementH,  wluch  a^ail  to  analyse  stoTH,  have  fre4[uently  a 
synthetic  effect  upon  nebulae.  Even  such  adjacent  objects  ae 
are  presumably  in  mutual  syetcmic  relation,  often  show  eigne 
of  bein^  bound  toother  by  organic  ties  &s  well-  Hence  it  le 
dilficult  to  draw  a  line  between  single  and  double  nebalte,  A 
pronounced  "  dumb-bell  ^  form  graduates  insensibly  into  a  pftir 
of  clearly  individualised  globes,  tmrely  united  by  a  faint 
Ugameut.  And  their  condition  aeems  loas  alien  to  our  ideas 
when  we  remember  that  the  sun  is  nebulously  connected  with 
the  earth  by  means  of  the  zodiacal  light. 

UniJication  with  increase  of  optical  power  was  exemplified 
by  Bumham's  olwervation,  at  the  Lick  Otwservatory  in  1891,* 
of  a  nebula  aa  single^  though  binucle^r,  which  Herschcl  had 
registered  under  two  distinot  headings  (N,G,0,  7174.  7176). 
The  condensatione,  which  possibly  otter  to  our  view  a  double 
star  in  the  making,  ai-e  just  26"  apart,  and  belung  U»  a 
nelmlar  group  in  the  Southern  Fiah.  A  more  dubious  object 
is  situated  in  A*[uariuB  (N.G.C.  7287),  Detected  by  Miiller 
at  the  M'Cormick  Observatory,  it  was  described  as  an  "ex- 
cessively faint,  slightly  nebulous  double  star."  Burnham 
found  the  object  to  be  Indeed  doublo  at  an  interval  of  about 
20",  yet  not  stellar,  one  component,  at  any  rate,  and  perhaps 
both,  appearing  as  small  dim  nebulre.  An  autheittic  example 
of  a  double  nebula  was  noted  by  Barnard  iu  1388.  with  the 

^  QtJi.  Cai.  KoB.  3572,  357*  ;  PMl  TVaw.  vol  ciiiii.  p,  4flfl. 
'  Homhl^  N\ttif*s.  vol.  lii.  p.  4fiA. 
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bwalTe-incJi  refractor  of  the  Lick  Oiiaervatory,  in  the  oeigh' 
bouxhood  of  the  wide  doable  star  23  Ononis  (2  GSfJ).  The 
oomponentB  are  36"  apart,  faint  und  uncoudenaed.  A  tenth- 
magnitude  star  forma  with  them  an  equilateral  triangle.  Their 
miyuurement  liy  Buruham  Id  1891  ^  supplies  a  datum  of 
6r^t-cU^  inipnrtuiiiTe  for  the  futura  determiDJttion  of  t:h&nge 
in  the  ayatem  which  they  beyond  question  coaatitute. 

Littrow  described  in  1835  '  a  cnrioua  combination  oi  three 
email  uebulm  marking  the  angles  of  a  triangle,  the  sides  of 
which  are  formt^d  by  three  nebulous  bands,  while  a  fine  double 
star  ooGLipiea  the  middle  of  the  ouGlosure.  The  anftngement, 
met  with  Hear  y  Pegasi,  would  make  a  promising  auVjject  for 
a  photographic  experiment.  Close  telescopic  ecrutinj,  on  the 
other  hand,  mi^ht  odvantageonsly  be  bronght  to  bear  upon  a 
nebulous  pair  in  Gemini  (N.G.C  2371,  2372>  The  distance 
from  eentre  to  eentre  of  the  components  is  only  32",  and  th^ 
werfl  aeon  at  Parsonstown  to  be  connected  by  "  taib*  and 
Glaments,"  if  not  encircled  by  a  filmy  anuulua.^  An  inter- 
mediate btur,  noted  as  "  bright "  19th  December  184S,  waa 
observed  by  LobsoU  in  1853,^  and  by  d'Arrest  in  1862,  but 
haa  of  late  ceased  to  attract  attention,  Cau  it  have  lost 
light?  D'Arreat  seems  to  have  hod  no  difliculty  in  seeing 
it  with  an  eleven-inch  refractor,  eo  the  question  migbt  be 
readily  answered  The  preceding  member  of  the  pair  wti« 
remarked  by  Dr,  Dreyer  in  1887  to  '^e  brighter  and  more 
condensed  than  ite  companion,^  A  similar  nebular  and  etollar 
group  was  discovered  by  Dr.  Common  in  1880*  in  the 
constellation  Crater.  He  regarded  the  nebube  as  plauetaries  , 
in  tlaa  abaence,  however,  of  inforiiiaLion  cnncerning  their 
spectra  this  cannot  be  held  certaim  The  existence  of  the 
linking  atar — ^a  feature  of  peouliat  interest — has  not,  we 
believe,  been  verified,  but  need  not  be  doubted 

Fine  telescopic  seeing  avails  to  resolvSj  no  less  than  lo 
unify  nebulae.  Some  split  up,  like  close  double  stars, 
under  high  powera.     With  a  magnificJitian  of  250  Profeasor 


^  StfTf^rtippm  biid  Af^^mofH^,  p.  33. 
1  Phil.  Tnnt.  voL  oiL  p.  612,  plate  jeiivIL  fig-  fl. 
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Swift  perceived  a  nebulft  (N.G.C.  6579),  curlier  diecovered 
by  hiniBelfj  to  be  a  wcU-E^epamt^d  \*aAi,  and  ho  obtjuncd 
tt  amiilar  result  for  one  of  Sir  William  Hensebel'a.  ■*  It 
would/'  be  uddfi,  "  bti  a  great  satii^actioD  to  be  fully  assured 
blab  they  are  binaries."'  We  fear  Lbat  the  satisfaction  is 
reaerved  for  a  future  generation  of  flfitronomera.  The 
Hoschclian  nebuk  in  queation  was  doubtlese  KG.C.  3G90  in 
Una  Major,  which  bad  already  in  1852  been  divided  with 
the  KosBe  retleetoT  into  two  iire^ar  masses  a!^  a  diatanoe  of 
atojt  60"-^  T}iia  ib  a  wwirau  object  comj^iarttl  witJi  two 
deacate  paire  diai:»vered  by  Swift  at  Echo  Mouotain,  Oali- 
fonia.  in  1897^  Each  reaemblea  a  "  double  nebulous  Uranue." 
tbo  conjoined  discs  being  b"  or  C  apart,*  They  are  nmobeted 
6  and  27  on  his  eleventh  catalogue ;  yet,  although  one  seems 
the  replioB  of  the  other,  tbej  are  not  near  neighbours  in  the 
fiky.  Mixed  paiiSj  Htellar  and  utihuloua,  are  Icmt  ^^cai^e  than 
one  oigbb  expect  9mft'a  eouthem  eicploratioDs  yielded 
nearly  %  do^en  epecimensn  Tvto  are  siluated  in  Aigo.  near  the 
small  lound  noluK  N.G.C.  32fi7.  Each  proved  resolvable, 
in  Che  exquisite  Californian  air,  into  a  star  and  nebula  &t  a 
distance  of  4*j*  and  the  veteran  obaerver'a  concluding  list 
of  discoveriea  iududed  five  unalogouH  cuuplea,  thij  widest 
having  a  epan  of  3'^  They  should  at  once  be  niicrometrically 
meaaured ;  for  until  this  is  done  they  cannot  be  said  to  have 
started  on  thi^ir  career  in  acicntifio  hiatory. 

Double  elliptical  nebulae  are  picked  up  now  and  again. 
They  are  not  easily  distinguiBhable  from  rifted  oebulffi. 
Probably  the  true  criterion  hi  the  duplicity  of  the  nucleus. 
£aye  etretched  parallel  to  the  main  fonnation.  buL  exhibiting 
no  trace  of  independent  condcneation,  can  only  be  regarded  afi 
outlying  portions  of  it ;  where  there  are  two  nuclei,  there  are, 
in  €sse  or  in  pour^  two  distinct  bodies.  As  such  two  lens- 
shaped  objects  in  Pegaans  (N-G,C.  7814),  photogmphed  by  Dr. 
Bobwts,^  should  probibly  rank.  Tlie  "dark  lane"  shown  by 
the  Pkosae  reflector  waa  perceived  in  the  negative  to  bisect  the 
globe-hko  nucleus,  and  to  widen  out  on  either  side  of  it;  Bo 

'  FopuJuf  Atirvtamy,  toI,  L  p.  370h 

'  TYflM.  Royal  Dublin  Sotiity,  vol  it  p.  BJ. 

*  AUr.  Iffuh.  Ko.  3M7.  *  aonlhff/  A'ofiM,  woL  xlTlli.  ji  831, 

"  CdtMial  PAofcer'^pfu,  roL  L  [>.  131. 
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that  each  oval  ia  complete  in  iUelf ;  neither  looke  like  a  fnig- 
nient  of  the  other,  A  true  pair  eeetoB  &leo  to  be  eonatituted 
by  the  lenticular  nebulffl  (N,G-C,  37S6,  3788)  delineated  by 
Spitaler  at  ViRiinji  in  1893  ;'  while  the  etntus  of  man/  moc 
cannot  be  dxed  until  they  hare  been  photographed  witha 
variety  of  instruments  and  expoaurca.  Among  thoae  of  ui- 
(Wrtain  nature  siiould  be  reckoned  &  cloven  my  in  Leo  (y.GC 
3628),  15'  in  eitent,^  and  pTtjbaMy  annular ;  *  a  Bimilar  ob,eci 
in  Centaur  (N,G.C.  5128),  viewed  viith  amaaement  by  Sir 
Jchn  Heracliel ;  a  fisaured  ellipae  in  I*o  Minor  (N.G.C.  296t), 
thought  to  be  "  ahn&U  double''  at  Pftraonr^to^ni ;  and  a  apinlle 
in  Draco  (N.O.C.  5866),  described  by  Profeswr  Keeloi  as 
'*  divided  leugthwiee  by  a  narrow,  perfectly  dark  fitraiglit  rift, 
OQ  each  dde  of  which,  near  the  norDh-preceding  end,  and 
involvtMi  in  the  nebuloHity,  ia  a  Tuinute  star  of  iljoih  the 
fijxteentli  magnitude."*  A  bifid  beam  in  Cuma  Bt^ienicee 
(N.O.C.  4565),  14'  long,  and  with  a  protruding  nucleus. 
appears  to  be  eaeentiaUy  single  Sir  John  Herechcl  noticed 
that  the  segme&tB  ot'  rifted  nebulie  are  sharp  on  thvir  con- 
fronted aides,  diffuse  outwardly.^  They  recall  the  gaping  ehell 
of  a  bivalve  ;  and  tliJa  |jauuharity,  iFphotogruphically  p^raistenL, 
might  serve  ob  a  secondary  mark  of  unity.  The  anity,  at 
already  pointed  out,  may  be  that  of  a  ring  viewed  cdgowise; 
or,  in  TOcie  cases,  a  formation  primitively  one  may  have  be^i 
sundered  by  diaiiitegration,  aa  a  rock-ledge  is  cut  by  a  mountaiu 
torrent,  Thia  is,  of  course,  said  merely  by  way  of  illustration. 
We  are  unable  to  coaoeive  hmv  disiategrating  forces  in  a 
nebula  really  act.  Nor  should  the  possibility  be  forgotten 
tiiat  the  occnrrencc  of  black  chaeme  may  indicate,  not  the 
removal  of  matter,  but  an  abolition  of  light.  These  apparently 
br&ached  objecte  perhaps  Hubsiat,  after  all,  ia  subatantial 
endreness. 

Double  nebular  dlipses  do  nut  invariably  Ue  parallel  to  one 
another.  The  Andromeda  nebula,  for  instance,  is,  in  a  manner, 
coupled  with  N.Ct,C.  !^05,  the  longer  asis  of  which,  as  ha^  been 


^  J.  Htiwibol,  Phil^   Tr<in*.  vol.  eixiii.  p.  103  i  £h»Q,  SVoru.  Hoy^  DMim 
Soe.  vol.  ii,  p,  OE ;  SpiUltr,  Aatr.  -VncA.  No.  3198. 

'  Bm  a  plkoWgrapTi  by  HobflTta,  Ctlatitti  rhoUrjrapht,  toL  ii.  p,  I8C. 

'  lick  PKhlkatitfli^.  vol  iii.  jl  204.  ■  t:«j«  litxiu.  p.  fla 
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said,  makeR  au  angle  of  GO^  with  that  of  its  pmnary,  A  pair  in 
Virgo  (NXr.C.  4567,  4568)  stand  in  yet  raoresinguhLr  rehitiOM 
bo  each  cthen  They  coalesce  ut  their  fL^llowiDg  extremitiefi,  and 
diverge  at  au  angle  cf  about  45^'  They  might  be  conceived 
of — were  thlfl  mechanically  poBsible — aa  revolving  on  a  pivot, 
Tlio  combiD&tion  ia  eseeDtialiy  reprodueed  hy  tvo  gpiiidle 
nehulte  near  the  bind  foot  of  the  Great  Bear  (N.G.C.  3786, 
3788),  which  meet  almost  rectangularly.  Dr.  Spitaler's  draw- 
ing of  them  IB  copied  in  Fi^.  4S-  A  Lhird  pair,  similarly 
composed,  waa  noted  by  Swift,  23rd  September  1897,  at 
the  Lowe  Obaervatopy.'  A 
bright  nebula  in  Sculptor 
(KG-C,  55)  was  then 
too  aeen  to  haye  a  dira 
companion.  Both  are 
elongated ;  they  meet  ob- 
liquely and  overlap.  Pos- 
sibly indeed  th^y  form 
togpther  a  single  tuirved 
nebula ;  yet  the  indica- 
tions are  more  in  favour  of 
a  genuino  ooupkd  arrange- 
mentn 

Elliptical  uehul^  are 
Bometimefl  found  less  cou- 
gruoui^ly  Hwucialed  with 
round,  perhaps  globular 
attendanteH  Tbue  an  cnor- 
mouBly  long  ray  in  CanoB 

Venatici  (N.G.C.  4631)  is  preceded  by  a  tenth -miignitade 
star,  and  that  again  by  a  nelmloua  orb.^  Of  the  ray, 
it  waa  recorded  at  PamonFitowii,  26th  March  1643,  that 
"masses  of  light  appear  through  it  in  knots  ";^  and  the 
drawing  made  there  exhibits  helical  Unca  correaponding 
pieaujnably  to  an  extensive  eyateta  of  foresborteued  flat 
spirea       The    star   does    not    appear    to    have    been    seen ; 


Pttf.  tB.— nnwlTiK  D<epliiiU«  ifabiiU  (^lUlai ). 


»    Tffmt.  RMj'tt  Zt^hhn  S*^ety,  vai.  iL  p.  Jia. 
^  Artr.  Kiteh.  No.  S517, 
J.  Hunclie],  Fhil.   TVr7>u,  ^ol  aniii-  p*  ISl- 
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n€vertheUB6  it  ou^ht,  unloaa  gre«tiy  diiuinishod  during  the 
aooro  cf  ^dare  eUpeed  since  Herscliel's  observation  of  it^  to 
have  beon  coospicuoas  with  the  six-foot  speciilum.  A 
apindl^-Qtibulu  iu  Eridanua  (N.G.C.  1^32)  has  also  a  round 
DompanioD;'  and  two  are  attached  to  an  ellipse  depicted  hy 
Spitaler  in  1893  (N.G-C.  2761,  2766).  Triple  combijia- 
tiona  of  round  nebulie  are  fairly  common.  The  varieties  of 
nxultiple  stare  are  recJipi tainted  in  them.  Single  primariee 
have  clci^^ly  double  satellites,  or  single  satellites  wait  upon 
uoiupouud  priinnnea.  Three  aebulfe.  which,  from  their  central 
brightening,  may  roughly  be  described  aa  spherical,  were 
detected  by  Barnard  in  188ti  lying  close  together  in  the  field 
of  his  siS'inch  refractor.^  Yet  thoy  ore  lUiot  objects  even 
mtb  the  Lick  thirty 'fiix-inob.  The  intervals  between  them 
were  determined  hy  B(imham  in  1891  to  be  respectively  94" 
and  73",  A  c^nlury  hence  there  will  be  bop«  of  eliciting 
evidence  of  iocipient  revolution  by  the  rsnowal  of  these 
moaaurea.  Another  of  Barnard's  new  nebulae  (N.G.C.  6302) 
was  resolved  by  Swift  into  a  triplet.  It  is  plunged 
deep  in  the  Milky  Way  in  Scorpio,  and  has  a  gaseous 
spectrum/ 

Compound  nebul*  leaiJ  the  way  to  groiii>a  and  clusters  of 
such  objectB.  Swift  counted  twelve  in  a  aingle  £eJd  neai 
Algol,  and  perceived  at  least  twenty  collected  into  a  elightly 
larger  space  hetweoa  /t  and  7  Horculie.*  Barnard  explored  in 
1890  a  neat  of  eigbtfien  small  8ei>arrtte  nebulae  in  Urea 
Major ;  and  Mai  Wolf  oliservetl  in  March  1901  a  i^eal 
"  Nebelhbufen "  Hurrciiindiiig,  ihuu^b  probably  dificonnected 
from  the  star  31  Comse  Berenicea.*  No  less  than  108  com- 
ponontB,  eome  elongated,  fiome  roundiBh  and  of  rarious  degreee 
of  faintness,  were  fotiud  included  in  a  circle  30'  in  diameter; 
and  a  aimilar  group,  pbctographed  in  96  minutes.  Iuls  tj 
Virginia  for  its  centre.*  White  nebulie,  in  fact,  tend  very 
markedly  to  gather  Into  ^ncka;  whether  aa  a  consequeniv 
of  their  mode  of  origin/or  through  the  compulaioa  of  their 
mutual  attraction,  remaiuG  an  open  question.     And  since  the 

■  J.  Honcbfl],  Oitpf  Rf9uJiM,  p,  S2.  ■  A^tr,  K^tih.  I^ei.  e76fi, 

'  Piiilctirinff,  Hatsord  Ci'mJar,  No.  12. 

'  ftynUac  AtlTnftomy,  Vul.  1  [>,  370.  ■  AaLr^  JVocA.  TTa.  3704. 
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masses  of  these  bodies  are  likely  to  be  very  amal],  and  their 
real  dlBtances  very  great,  ciiGulatozy  movemente  only  of  the 
most  leisuroly  kind  can  be  ascribed  to  tliem.  We  are  unable 
as  yet  to  forecairt,  even  remotely,  the  establishment  on  a 
settled  footing  of  the  dynamics  of  nebular  ifystema. 


CHAPTER  KXXm. 


NEBULOITB    BTABfi. 


"  There  is  a.  vast  differenL'e,"  Professor  Swift  wrote  in  1397< 
"  between  a  nebulous  atar  diid  it  star  in  a  nebula."  ^  Vast  LndeM 
since  a.  star  and  nebula  in  reality  biliiona  of  milee  iipart  may  be 
thrown  by  poispectiTo  into  the  same  Tisufil  iind,  wliiie  a  tcut: 
nebulous  star  cLaimB  the  ownership  of  its  luminous  uppendag^ 
on  the  evideui^  of  obviously  tidnpted  forru.  Thv.  nbnliiis  is  not 
more  unmistakably  fitrted  trO  llie  head  of  a  saint  in  a  picture 
than  nebulous  halos  are,  Tety  often,  to  the  stars  they  eucirtJe. 
The  relationahip  ih  pnlfint.  That  the  glow  emfluates  from  the 
fltar^  and  is  no  casual  adjunct  to  it^  the  infltinctive  logic  of  the 
eye  suffices  at  once  to  decide. 

Sir  William  Herai^htl  wels  the  drat  to  give  express  atten- 
tion to  "stare  with  burrs."  They  struck  him  iis  remarkable. 
aot  only  in  themaelvea,  hut  for  what  they  implied.  They 
eerred  :i3  the  basis  of  a  memorable  train  of  reasoning.'  Their 
atmoBpherea,  he  axgiaed,  boing  plainly  "  not  of  ft  etirry  nature." 
must  be  composed  of  a  '^  sbining  6uid/'  the  same  which  U 
seen  to  be  diflVified  through  space  iu  tiiilky  tracts,  or  cuTdle<I 
inUi  fantastic  ah^ip^H  L»f  chaotic  irregularity.  He  was,  in  a  woid, 
led  by  them  to  the  capital  discovery  of  jtcbida:  as  a  distioct 
sidereal  order.  On  I3th  November  17d0,  he  came  across  the 
"  singular  phenomenon*'  which  dctennined  hia  abandonment  of 
the  view  tliat  tlie  umveree  is  constituted  exclusively  of  stars 
variously  aggregated  This  was  "  a  star  of  about  the  eighth 
magnitude,  with  a  faint  luminous  atmosphere  of  a  circular 
form,  and  of  about  3'  in  diameter.  The  star  ia  perfectly  in 
the  centre,"  he  coutinued^  "and  the  atmosphere  ia  qo  diluted, 

*  Awir.  jVr4cA.  No,  3fil7.  ''  IMl.  IVrnt  toL  U*ri,  p.  71. 


faint,  and  equal  throughout  that  there  can  T>o  no  aurniisQ  ai 
LtG  conaieting  of  stars,  nor  can  there  bv  a  doubt  of  tho  cou- 
oection  between  the  atmoepJiere  and  the  atar/'  This  GxempUr 
object,  situated  in  Taurus  (N.G.C,  1514),  be  regarded  as 
■*  decisive  in  every  imrticular  "  ;  yet  ita  nature  is  still  to  some 
exttint  dubious.  It  has  eveu  been  cl^isaed  of  late  as  a  plane- 
tary nebula,  and  certainly  ahru-cs  net  a  few  characteristics  of 
that  family.  Tbe  uncertainty  of  ita  «tatuB  renders  its  etndy 
especially  instniotive. 

A  planetary  nebula  is  definitely  terminated ;  a  nebulous  star 
Tadee  tiff  into  epoee.  One  shoWH  a  disCi  the  other  is  sur- 
rounded by  on  "atmosphere."  Moreover,  a  atar,  or  stellar 
nucleus,  is  Bubordinate  in  the  one  formation,  while  it  domi- 
nates the  other.  These  distinctions^  however,  cannot  always 
be  imheEiit»tiugly  drawn,  ainoe  the  relative  strength  of  the 
etelbir  and  nebular  elements  varies  widely  in  different  objects. 
Hence  the  doubt  as  do  the  category  in  whieh  Hernchera 
typical  specimea  should  be  ranked.  For  the  glow  round  it  is 
nncommouly  bright ;  d' Arrest  foimd  it  to  strilce  the  eye  with 
a  four-and-a-half-iuch  refraotor-^  Nor  is  it  equably  di£fuBed. 
The  Parsonstown  telescope  showed  it  flfi  spotted  and  patchy, 
and  very  eurioiwly  ^'ragged "  at  the  edges;*  and  ita  aspect 
to  Mr  Bumham  in  1891  was  eascntiaUy  the  same.  A 
"broken  and  mottlwl"  aurface.  about  126"  across,  emerged  in 
the  licld  of  the  Lick  thirty-Ris-inch.*  He  waa  inclined, 
though  under  reaerve,  to  agree  with  Barnard  in  considering 
the  object  planetary.  Its  affinities  might  be  settled  by  spec- 
troacopie  nieanH ;  the  nttempt  to  do  so  could,  at  any  rate, 
hardly  fail  to  have  an  interesting  re^t.  So  for^  little  has 
been  ascertained  about  the  a]>ectra  of  true  nebulous  stars. 
Their  halo^T  certainly  in  some  caeea,  presumably  in  all,  emit 
brigbt  lines,  and  it  might  be  expected  that  the  same  lines 
would  show  by  absorption  in  the  spectrum  of  the  central 
star.  The  presumption  hus  not,  indeed,  1»een  fnlly  verified; 
while  tbe  expectation  founded  on  that  presumption  is 
disallowed  by  the  facte  scantily  at  our  disposal.  Stars  with 
nebulous    appendages    are    usually,    if    not    invariably,    dis- 

*  Trans.  Rtr^^  DuUiii,  Soeirly,  vvl  ii.  p.  *0  ;  Fhii.  Traiu.  M  clL  p>  71*. 
^  Lick  l*hf\li/vXvni3.  ml.  ii,  p.  ISI. 
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tinguished  by  *'  early  Orion  "  Bpectra — a  combiaaticii  already 
noted  as  aigni^cant  in  connection  with  the  coarse  of  Fiidereel 
growth  ;  hut  they  show  no  special  linea  that  could  \m  atcri- 
but^  to  li^ht-atoppage  by  the  imiaease  bulk  of  mre£ed 
incandescent  mii.tter  uitei:posed  between  our  eyee  aad  their 
ehining  photoapherea.  This  ia  one  of  the  many  peqjlcxitia 
involving  tb9  luminous  relations  of  nebular  stuff,  which, 
setting  *'  KirchbofTs  law"  at  defiance^  exercises  no  absorption 
cun^Utive  to  ila  etuisHiou. 

One  of  the  few  nebulous  stara  bright  enough  for  eas^ 
HpectiOBCopic  investigation  is  aituabod  in  Scutum  Sobieaki  Of 
5-5  ruii^itudo,  it  is  enrolled  in  the  Bonn  Durchmustermig 
under  the  heading  S.D,  —  10"  4713.  On  a  plat«  exposed  by 
Profeaaor  Barnard  with  the  Willard  lena,  29th  June  1892/  a 
\ar^  difTufied  nebulosity  was  .seen  to  encircle  it.  Theappend^ 
age  must  ha  visually  very  faint  lo  bave  escaped  notice  &o  long. 
Ita  proper  spectrum  may  then  be  nearly  evanescent.  Tha 
8tar  it  belongs  to  is  No.  S 108  of  the  Draper  Catalogue,  where 
it  is  ^t  down,  although  doubtfully,  as  of  the  second  type 
(Spectrum  E).  Now  thia  i»  a  point  of  cruci^J  importaac©  zo 
theories  of  stellar  development.  The  pronounced  iiebulouA 
condition  of  a  dtor  near  the  eolar  str^  would  have  a  beaxing 
on  such  inquiries  thut  could  not  be  ignored.  Should  it  be 
eBtablishedj  current  ideas  will  need  revision.  The  spectiftl 
characUr  of  Barnard's  nebulosa  in  the  Shield  promiBea,  indeed, 
to  afford  a  teat  by  whidi  to  try  the  validity  of  raasoninga  cm 
Hidereal  evolution.  The  test  ought,  with  the  least  puasibte 
deby,  to  be  applied.' 

A  seventh -magnitude  atar  in  Eridauua  was  perceived  by 
Swift  in  1859  to  be  almost  centrally  placed  in  a  fihioing 
corona/  It  ia  perhaps  identical  with  X.G.C.  5315.  ItA 
spectral  claasification  ahould  present  no  difficulty.  A  airailar 
object,  equally  adapted  for  spectroscopic  incjuiry.  wets  delected 
by  the  elder  Herschel  in  Cepbeus  (N.G.O.  7023).  The  nebu- 
losity is  particularly  etrong  nortph  and  south  of  the  st^r 
Irregularities  of  a  more  marlced  kind  are  apparent  in  other 

1  Ai^.JfaeX.'Na,  811L 
"-'  ^  SiiioA  tbfl  abcT«  worJn  wwo  viittca  it  Lu  b«ii  applinl.     PrufoBaT  Fml 
B»niiD0d,  in  Septcmbflr  1S02,  a  ii|iec(fDgrap]i  cf  S,D.  -Iff  4713  Uknn  hy  Ur. 
EllemiJiii  in  iSOffn  and  finda  il  to  bear  authflDila  iri&rlu  of  Ch«  l;iitjuni  tyyt. 

'  SiiUnal  SttMirngtr^  ffol.  iv,  p.  Hfl, 
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inatancee.  A  tenth-magnitude  ator  in  Moucc«ros  was  foimd 
by  Bamord  vieu&lly  aebulous  in  1S8S,  phDtc^rflphically  in 
1^94,'  A  *'  small  iliirk  apiwe/'  however,  intemipls  the 
encircling  halo,  A  euli^t^qiient  exposure  with  the  Haoin  ioistrui- 
ment  discloaed  as  "cloaelj  nebulous"  the  9^5  tn&gaibude  etar» 
D,M,  +  ^3°  li31':3,^  Aud  heic  again  tbe  illumination  is  un- 
evenly distributed,  the  *'  luzay  "  border  to  the  atar-disc  being 
denser  south  and  east  than  elsewhere.  This  object  boa 
almogt  midway  butweiin  i?  Gemiuorum  and  j^  Orionia  One 
in  most  reapectrt  analogous  (N.G.C.  2247},  detw^li^d  by  Swift, 
34tb  November  1883,"  came  out  noticeably  "blurred"  on  the 
udtne  plate  with  Bamard'3  n<^bulou6  Btar  in  Monocerea.  Two 
tmtber  specimens  of  bbe  clofls  were  photographed  by  Barnard 
in  Sagittarius.  One — D.M.  — 19"  4948 — is  fainter  than  the 
niittb  magnitutle-  It  hna  a  narrow  fringe  of  light.'  The 
seuind — D-M. —  19'^  4953^18  of  76  magiiitude,  and  ia  encom- 
paaaed  by  a  far-fipreadmg  halo,  15'  in  diameter,^  conspicuous 
with  the  camera,  although  nearly  invi^ble  to  the  eye. 

Nebulooa  stare  ari^  frequently  compound-^ per hapH  more 
frequently  than  stars  clear  of  cosmic  fog.  Sir  John 
Herschel  rectmled  at  the  Capa  u  doae  pair  (N.G.C.  5367)  as 
involved  Iji  a  bright  glow  two  minutes  of  mc  in  eibcut,  and 
a  faint  star  with  an  auroolu,  discovered  by  Tcmpel  in  CeLue 
{NlJ.U.  707),  proved,  when  ncrutiniaed  by  Bumham  in  1891, 
to  bave  a  minute  attendant  at  an  Interval  of  ii)".'*  A  etill 
more  interesting  detection  concerned  a  nebulous  triplet  in 
Auriga  (N.G.C.  1931).  Distoverwl  by  Sir  William,  and  de- 
scribed by  Sir  John  Herschet  os  "one  of  the  moat  curious 
cbjecte  in  the  hoarcns"  it  consists  of  three  stars,  the  brightest 
of  9'5  magnitude,  forming  on  equilateral  triangle  with  a  side 
of  about  8",  placed  precisely  at  the  centre  of  a  email  circular 
nebula,  Hr.  Bumham  had  rapeaUsdly  inspected  it  with 
minor  instrumenLs/  but  it  needed  all  the  power  of  the  Lick 
refractor  to  bring  into  view  a  fifteenth-magnitude  sabe11itE^  at 
a  distance  of  little  more  thaa  2"  from  one  of  tbe  etara  of  tbe 
triangle.     As  a  test   for  "  seeing "  facilities,   the    pair  is  of 


'  jtttr.  tatd  A»CrvpUT/ria*t  tqI.  xUt,  p»  177< 
"  JWrf.  p.  1B\.  '  AatT.  Nach.  No.  :/efl3- 

'  JMd.  Xo.3111,  ^  IhUL  No,  BlOl, 

"  Mtmtkly  ^ciica,  tdL  lii.  p,  14J.  ^  JWd.  p.  iAl. 
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unsurpBssed  ddicacy-  Aj^in,  a  wide  double  at&r  ooaapiiw  tbe 
uiiildle  point  of  a  prebty  largQ  faint  nelmla  in  Moiioceros 
[N.G.C.  2182).  The  attendant  may  !«  only  opticallj  finch; 
bho  circumstances  ivrc  on  this  point  indecisive.  The  cbici 
star,  however,  wae  found  by  Mr,  Bumham  to  be  double  ux  • 
perfeotlj  iinequlvoca.!  sense.'  A  aompauion  of  neiirly  ite  own 
maj^nJtude  (8  6j  is  st^pantUiU  from  \i  hy  a  ap^Ltiitl  gap  of  lees 
thaij  half  &  Hecond,  ajid  the  two  niuAt  assui^dly  revolve  rouiHi 
their  common  centre  of  gravity.  Here,  indeed,  we  are  con- 
fronted by  a  profoundly  embarraaaing  fjuestion.  The  couple 
arc  evidently  plunged  in  nebulous  matter;  their  movemeaU 
must  then,  according  to  received  ideas,  be  impeded,  with  the 
result  of  an  eventual  ciilliipee  of  tlm  eyHlem.  We  tinn  see  no 
efica^te  irom  the  dilemma  exoept  by  adopting  the  Btanling 
hypothesis  that  the  nebulous  tliiid  does  not  cooatittite  a  rv' 
aiating  lutMbum.  The  difficulty  greatly  euhaneca  the  interest 
of  spectroscopically  determining  tht^  velocitieB  of  bodies  nebu- 
lously coDneeted 

A  6'5  magnitude  star  in  Cepheus  (D.M,  +  57°  2309)  ap- 
peared in  a  photograph  taken  by  Barnard  in  1893  "*  eurrounded 
by  a  rather  uaeymmetrical  denae  nebulosity."'  A"hazy  glow*' 
could  be  eeen  with  the  Lick  thirty-six -inch,  which,  in  Buntbam'a 
employment,  had  already  revealed  the  star  to  be  very  unequaJiy 
double  at  4",*  A  fiist-type  speclrum  is  dubiously  ascribed  lo 
it  in  tha  Drajier  Catalogue. 

The  nebulous  triplet,  i  Ononis,  has  been  more  complBtely 
obeerved  thi^n  perhaps  any  of  its  congeners.  It  oon^ta  of  a 
third  and  an  eighth- magnitude  star  1 1"  apart,  with  an  eleyentb- 
magnitude  satellite  at  49",  described  by  Admiral  Smyth  aa 
'■  grape- red '*  in  coluur.'  Sir  John  HeiBchel  pereeived  the 
group  lo  be  "  involved  in  a  feeble  nebula  3'  in  iliameter,"* 
and  in  the  nebula  (N,G,0.  1980)  there  was  apparent  with  iJie 
Rosae  reHector  a  central  cavity  containing  the  bright  atar- 
oouplc*  Possibly  the  effect  was  an  illusion  due  bo  their 
eflaeing  radiance ;  but  this  cannot  be  taken  for  graut^  aioc^ 

'  PuMiftttiimti  frfttie  IVftM  Oftttrvalort/i  vol.  J-  p-  *,'»- 

'  £^iuiw/f'tyf,  roL  ivii.  p.  17;  Jatr,  Janfn,  No.  447, 

'  Fitbiieatwiv  */  tha  y<vA-i»  Ohatrratorg,  tdL  L  p^  327- 

'  (kUatud  C^d^  p.  U2  (^  1581). 

•  nid.  wai.  diL  p.  QU,  Ag,  in ;   Trnju,  Ra^tii  Dubfin  JSeeistj/t  nL  li.  jv  lOl 


'*holefi"  in  nebuliB  are  an  attested  phpaomeaon.  And  the 
eiirly  observatioua  at  ParsonHbowu  approve  themselveM  ob 
sin^l^rl/  accaiato  throng  tha  coutirmatory  evidence  of  Lfa& 
best  roceat  photographs.  The  epcctrum  of  i  Ononis  w  of  th& 
helium  type,  and  Dr.  McClean  identified  in  it  three  m?mber3 
of  the  l*ickering  aeries  of  hydix^ii,  Iwsides  many  oxjgen 
line^'  The  euimundiag  glow  emitw  the  ordinary  nehular 
rays,  but  they  make  no  show,  either  directly  or  by  reversal,  in 
the  diapcTBed  stellar  light.  Yet  before  reaching  outer  apace, 
that  light  hoB  to  trnverae  enormous  volumea  of  incandesoont  or 
lumin^aceut  Debulitim,  The  anomitly  presented  by  the  absence 
frnm  the  Fraunhofer  epectrum  of  the  Bohir  coronal  green  hne 
IB  here  repeated  in  an  empha^iBod  form.  A  long  nehuJous 
etreak,  visible  only  on  eenBitive  plates,  links  the  haty  ap- 
pandiLge  of  t  Orionie  with  the  great  formation  in  the  Sword- 
hftcdle,* 

Far  away  in  the  northern  part  of  the  constellation,  there 
IB  found  in  \  Ononis  a  rombinatioQ  very  aimilar  to  that  pre- 
sented by  the  nebuloua  Irio  just  (^crntiideEetL  A  yftllowiHh  and 
purple  pair  (S  738),  of  3"7  and  £"6  magnitude*,  at  4"2'',  are 
immersed,  with  a  comparatively  remote  twelfth- magnitude 
attendant  at  29",  in  a  oebuloua  haze,  photographed  by  Bar- 
nard in  three  hoars,  17tb  September  1893.'  The  discovery 
was  at  once  telesctipically  veriFied. 

Five  nebulaua  etiirs  cNicur  togeLhei  in  a  narrow  region  of 
SftgibtorittB,  and  three  of  them  aie  double.  The  two  apparently 
single  are  Barnard's  starq,  already  mentioned.  The  pairs  are 
N.G,C.  6589  and  N.G.C.  6590,  both  first  noticed  by  Swift,* 
and  N.G.C.  6595,  delini'ated  seventy  years  ago  by  Sir  John 
HeracheK  The  character  of  an  object  photogniphed  by  Dr, 
Roberts '^  neai  the  spiral  nebula  M  31  in  Uroa  Major,  needa 
Co  bo  more  Aatiafaotorilj  determined  Known  to  Herscbel  and 
d' Arrest  as  a  condensed  nebula  (N.G.G  3077].  it  appeared  on 
the  senaitive  plat43  with  a  sharp,  eti^llar  nncIeuB  in  lieu  of  the 
woolly  diac  visually  perceptible.*  The  RpecLroscope  may  per- 
haps lielp  towards  its  rightful  claauliL-atiDiL      Nebulous  atara 


»  Fkii,  Tniiu-  vol.  owl  jt.  159. 

*  Kfbow/edijc.  *tfl  trii  p.  17-  *  A$tr.  NofK  N*,  2707. 

«  Mtmlhiy  Notkm^  tdL  lUx-  p.  3ft3.  '  Ingftll.  HM.  p.  420. 
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merge  inBett^ibly  into  stJira  with  uebuliir  appendageej  such  ju 
0)  Ontknie  and  7  Scorpii  The  former  hjta  a  dimly  lununoua. 
curved  spur  running  out  from  IL,  b*>aklts  a  larger  maas  hang- 
ing like  4  (^loud  above  it  to  the  north  ,  the  latter  is  wingml 
with  nebiiluaity.  two  pointed  projeciiona  iaeuing  from  it  in 
divergent  directiona.*  The  whole  of  these  appurtenaacea  weru 
detected  [ihoto^irraphit^Uy  by  Frofeasor  Barimrd-  Both  stou^ 
afford  spectra  marked  by  helimu  absorption.  The  relauiooB  of 
atara  and  nebula  'ire  mauifolil.  Misty  triiins  and  td-JlH  of  all 
BortH  and  rdzes  have  stellar  foci ;  they  emanate  from  atars,  or 
condense  into  stars;  but  nebulous  stara  are,  properly  dpe&kiog, 
what  Hersohel  called  "stars  with  tmrra  "  i  they  give  the  usual 
sharply  defined  diETra^itioit -discs,  although  a  dim  halo  spreads 
more  or  Ibbb  Bymmetrically  round  each.  The  nebular  element 
in  suc^h  a  i^ouibinatiou  is  entirely  subtirdinate  to  the  stellar: 
while  in  stars  with  appendages  the  disparitj  gradually  be- 
comes reveraed 

"Rejeetod"  oobuloiia  etors  are  still  worth  attealion  in 
view  of  the  possibility  that  they  may  be  subject  to  ;;eQiaBe 
change.  The  ease  of  55  Andromeda?  is  partieulnrly  instructi^ 
if  Gnly  ita  il1u3trsting  the  propagation  of  error.  TltiA  is  a 
56  magnitude  star,  qualified  as  nfJruloM  by  Flamsteed  iijid 
Piaze;],  jtnd  regarded  by  Sir  John  Herschel  as  a  typical 
Gpecimen  of  u  hazy  star.  It  Sgures  as  No.  4^8  in  hia  (Jineroi 
CataloffU£  of  Ncbutfs  (1863),  but  was  omitted  by  Dreyer  from 
the  revised  edition  of  that  work.  Sir  William  Huggine, 
neverfcheleas,  observed  it  in  1864  to  be  "a  fine  nebulous  stnT 
with  a  strong  atmosphere  ;  "  ^  and  since  he  used  a  very  peifecL 
refractor,  his  confirmation  of  what  HerL^heJ  h^id  seen  with  a 
reflector  had  an  independent  value  which  mij^ht  seem  to 
exclude  the  hypothesis  of  association  in  optical  illusion.  Yet 
neither  T.jord  Ro^we  in  1 S48  nor  d'Arrest  in  1 S5 6  had 
pereeived  any  braise  of  nebulosity,  and  Schjellerup,  during 
some  yeai-a  previous  to  1866,  always  found  the  star  sharp.* 
So  again  it  appeared  to  Mr.  Bumham  in  11379-80*  and  ao 
it  seema  likely  to  remain.  We  can,  however,  scarcely  persuade 
ourselves  that  several  emLient  observers  conspired  to  blunder; 

■  Pirpithr  jtstivnomff.  BoitL  IB97,  pjv  £29,  23S. 

>  PkiL  Tmia.  tqL  cUt.  p.  ii"!.  ■  Attr,  Xaek.  Tta.  1613. 

'  Monthly  ^otitff,  FoL  ilii.  p.  US. 
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and  Schjelknip'p  theory  that  T'iaaw  merely  repeated  FIaiu- 
steed's  noti?,  which  crept,  he  supposes,  into  tht*  British  Cata- 
logue by  a  tmnKference  from  the  greit  Aiidroiuedji  uebulii,  is 
rendei-ecl  unacceptable  bj  the  circumstauce  thet  55  Androaiedae 
foLIowH  the  nebulous  structure  held  to  have  been  conl'used 
with  it  at  &n  inldrval  of  considerably  more  thun  one  hour  of 
Tight  Bsct^nsiDQ,  Nor  even  if  flo  ext^■ao1^3iIlnly  &  mistake  had 
been  made,  waa  Piazzi  capable,  one  would  thinks  of  copying  it 
unawareu.  Hia  high  astronomical  reputatfon  NuflioeH  in  itself 
to  clear  him  from  the  charge  of  such  astounding  carelessnepe. 
The  apoctrum  of  the  star  reacmhlee  that  of  the  sun,  a  type 
never  yet  uuequivocaUy  adaocialed  with  nebtiloufl  attaohments. 
On  the  other  band,  the  normal  quality  of  the  light  renders 
their  optical  creiLlion  more  iliffiL.ult  of  t-iplanation.  TbiiH  the 
nebiilouB  aei«c.t  of  55  Androracdjc  muBt  Htand  over  as  one  of 
the  unsolved  probleme  of  aatroaomlcal  hiDtory. 

A  aimiLu-,  but  leae  convincing  case  ie  that  of  8  Canum 
Vciuiticorum,  On  four  ecparate  oecasiona  Sir  John  Hcrachel 
noticed  this  fourth -magnitude  star  to  Ite  surrounded  by  a 
"  coiiHideinble  atmosphere/'  Yet  aince  no  one  iDtfor^  or  after 
bini  has  voucbai  lor  its  presence,  he  v/hh  preflitmably  deceived. 
The  apectrum  of  8  Canum  is  of  the  eolar  ckafl. 

finally,  €,  7'6  tnajL^nJtude  star  in  Cetus,  discovered  as 
nebulous  hy  Stephan  .at  Mara^illo  iu  1880^  (N.aC.  SSH), 
appejired  to  Buruham  and  Banmrd  in  18^1  devoid  of  any 
sneh  peculiarity,^  A  photograph  taken  with  suitable  exposure 
would  serve  decisively  to  te^t  its  present  condition.  The 
criterion  might  indeed  fail  with  stan  so  brij,'ht  as  55 
Asdrornedfe  and  S  Cannm  Vonuticorum ;  for  their  imprinted 
diwe  would  become,  through  chemical  irradiation  in  the  time 
needed  to  bring  out  faint  glows^  auUiciently  distended  for 
their  obHteration, 

In  connection  with  nebulous  stara  two  lines  of  inquiry 
open  out.  First,  the  spectroscopic.  The  scanty  evidence  at 
our  dieposal  is  to  the  eflact  that  the  ptellar  rays  of  such 
objects  are  of  the  '*  Orion  "  kind;  that  they  show  the  quality 
believed  to  eharacterise  Buns  in  a  primitive  *itage,  while  their 
aiireolas    shine    like    gafleous    nebulie.      Hut    these    general - 

■  MonUUv  yoiioia,  vol.  xlii.  p.  «4d. 
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iaatioQB  rest  on  a  veiy  narrow  baais  of  fact,  ai^ct  probaUj 
udmil  of  Luterc3tmg  oud  eigaificaat  exceptioDs.  Indeed, 
eech  neboloiis  fitar  aht^uld  be  tretited  as  a  separate  spectro- 
scopic problem,  deetioed  to  afibrd  ia  the  course  of  iu  soluLi^o 
intdght  into  runny  objure  HtfcrfstH.  A  sijujud  bmjieh  of 
reeearcb  rcluteti  to  the  ntrut^lural  peouLidJities  of  stt^ar  hiilotL 
Their  imnmoaity  ia  seldom,  perhapa  never,  equubl/  distributed 
ItB  irregularity  sometimes  gcee  so  far  as  to  produce  the 
effect  of  dark  vacuities,  ph^to^rapkicalJy  attested  to  be  no 
mere  visual  deceptions,  Wliat  tlieir  Lrue  nature  and  ongiii 
may  bu,  m  a.  subject  for  inquiries  likeJy  to  be  long  aud 
^tduouH.  It  is  actively  i:rtidible  tbat  tbey  are  wiiuL  they 
appear  to  be,  obacure  tmmcb,  t^triking,  iu  tho  direction  of  the 
earth,  right  tbrough  the  heart  of  immCD^  spherea  of  Bhining 
teuuooa  matter.  The  alteroative  view  is  pteferable  that  th^ 
«o-t»d]ed  "atuioapheres '*  of  stars  are  really  efflueneea  —  that 
they  consiHt  e^wutialiy  of  apirul  eoils  wound  olosely  enough  bo 
merge  ordinarily  into  an  iip proximately  unifonn  suHjiee* 
while  leaving  \q  cerbain  circumatuncoA  conapicuoua  g&pe 
between  their  iLiminous  folds.  If  this  be  ho,  nebulciia  etoift 
fall  into  Line  with  cometary  nebula?,  tbe  trainii  of  which 
take  a  more  op  lei^  completely  annular  ahap«^ ;  but  their 
nearest  alltea  are  imqutiRtionably  to  be  fouod  in  the  plaoetary 
^mily ;  and  trliLs  brings  us  to  the  aiibjecb  of  our  n«rxt 
chupt>cr. 


CHAPTER    XXXIV. 
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Flanbtary  nebulit  e*xva  to  be  intenut-diut^  between  uebuloua 
Btare  and  annular  nebulu;  IndefinitP  nureolas  iirt  rnplaced  io 
bhem^  h»  if  through  the  Hpi'eadiug  outward  of  utibulmia  niAbter 
tiOwiLrds  a  limiting  spheriuiJ  Hutfaoe,  hj  compact  diece,  and 
with  tike  further  ^dvziDco  of  tliJt^  proceae  of  esti-rior  condensa- 
tion, the  Jiaca  be<:.om<^  rings.  A  atellar  autleus  persists 
Lhruughout  tliese  phftBea.  They  may  not  be  etriutly  phases 
of  develcmmpnt.  To  eatablish  an  iictiml  seciuenw-  of  growth, 
fjLctti  of  various  orderu  hIiouIU  be  uouhidered.  As  n  eiiiiple 
matter  of  iact.  howeyer,  objects  are  found  which  ctmibine  dO 
cjosely  the  visual  le^iture'^  of  planetary  oebulti^  aud  nehalooa 
Btara  on  the  oue  side,  aud  of  iiUuetary  and  annular  nebula  on 
the  other,  that  their  classification  in  the  above  order  ia 
prescribed  iuevitjdily,  if  fjiily  f^r  uieiital  eouveuien**. 

As  a  prehiuinaiy  to  the  phyaicjil  study  of  these  objects, 
we  jDuat  try  to  attain  a  clear  conception  of  theii-  n^aJ  foima  in 
solid  apace.  This  is  not  ea*y  when  their  ftrcctunil  com- 
plexitiefi  AD?  taken  into  account ;  but,  eettin^  tlieee  for  the 
moment  aside,  we  can  gather  Home  iiidicatiou^  regarding  the 
geu«ral  plan  of  ibeir  fabrication^  Ah  a  nde,  planetary  uebulie 
Are  markedly  ellipticAL  Tltey  maj  tbt^n  lie  concluded  to  be 
apberoidal  in  shape;  and  even  those  t^neibly  circular  are 
probably  npheroids  viewed  ulcng  their  shorter  axef^  That 
their  compreasion  is  due  to  axial  rotation  is  a  fair  inference, 
verifiable^  possibly,  by  speiitrOHeopit'  measureuienltt,  Tht«e 
were  indeed  ineffectually  tried  by  l^rtifessor  Keelcr,  3rd  April 
1891,  on  a  bright  planetary  in  Hydra  (N.G.C,  3243);*  bat 

■  Pithi.  lAtk  ObMcrvitioritt  vol-  iu.  y.  30S, 
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he  doubted  whether  the  co&diliouH  of  the  experimeut  pernutLed 
bbe  detcctioD  of  a  diSereacc  in  the  velocities  of  Lbo  BdvjinciDg 
and  retrealmg  limba  of  the  nebula  of  leas  than  seven  or  eight 
miles  a  sef^oad,  and  the  movement  of  such  bodiea  ia  likely  to  he 
moessively  alow.  Olherwine  Ihe^  could  scarcely  htf.  Ruppoaed 
capable  of  holding  together;  For  they  are  obviotifllj^  oF  tenuoiw 
cciDposition,  atid  gmvily  at  their  equatctrs  can  act  very  feebly 
in  equilibiutiog  centrifn^ul  impulse.^  And  here  hq  untrodden 
field  opeuB  to  enterpmiaf^  iuquirera.  A  theoretical  inveatiga- 
tion  mightp  to  begin  witb,  btj  atteiQple<l  oF  tlie  fi*pir<3s  w)nch 
abould  btiloog  to  rotating  globes  of  the  kind  on  cerliun 
probable  aaauioption.**  jis  to  their  nature  and  niodi?a  oF  move- 
ment ;  and  the  reaulU*  might  be  tested  by  the  application  to 
a  number  of  promising  objeute  of  Keeler'a  spectrogTKphic 
method,  in  which  the  linear  imnges  of  in  equatorial  slit  aerve. 
throngJ]  the  tilt  imparted  tii  them  by  the  ecntrary  motions  of 
the  opposite  limba,  to  meaanre,  iu  miles  per  second,  the  speed  of 
gjTttliion.  bmall,  luciJ,  etrongly  elliptital  pbnetaries  would  be 
the  most  hopeful  aubjecta  for  experiment  ]  nor  would  a  iiegutivt- 
upahot  be  without  vftlua  The  Hydra  nebula,  for  instanc*. 
which  is  nearly  as  much  flatlened  as  the  globe  of  Satura»  u 
er(ual  in  light  to  a  i^eveutb-magnilude  titar ;  it  la  alioiit  20' 
acroflfl^  and  fiomewliat  diffuse  at  the  edges."  With  it  may  be 
compared  a  condensed  planetary  in  Ophiuchus  (N.G.C  6572), 
sometimea  called  Struve  No.  6  (S  ^).  Ita  light,  which  id 
comparatively  intense,  emanatef^  from  a  »mall  disc  B"  iir 
diameter  (exclusive  of  a  hazy  margin),  with  an  elliptioity  of 
about  2^.  I*rofesflor  Keeler's  drawing  of  the  object  with  th* 
rieible  part  of  ita  spectrum  is  copied  in  Plate  XXIII.  Fig.  2. 
The  nucleus  is  not  stellar,  although  it  gives  strongly  continuoufi 
light.  The  linea  in  its  spectrum  were  found  by  Keelcr  to  \v 
diepUiced  upward  by  an  amount  cy^rreaponding  to  a  motion 
towards  the  earth  of  Q-'^  miles  a  sacond;^  hut  this  motion 
should  be  con^idereil  to  lielong  to  the  sun,  not  to  the  nebula. 
Judging  by  ite  appearance,  uxiai  acceler/ition  may  have 
advanced  farther  iu  it  than  in  moat  members  of  the  claea, 
and  might  record  itself  in  an  equatorial  spectrograph.      The 

■  Cr.  J.  B.  Jmdb,  "On  thD  Stability  ar  &  S[)liQriL^il  NdUU,"  PMI.  7>ul 
vol.  oKclK.  A.  p.  1. 

1  Giniel,  JmIt.  NofJt.  Xo.  SSSfi.  ^  Lick  I'Khti&aimM,  rol.  LU.  p. 
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trial,  ni  &ny  rate,  ehould  be  made.  Anticipation  of  failure 
need  Dot  be  allowed  to  pftralyse  effort.  la  acience  the  rueh  of 
&  forlorn  hope  often  carries  a  fortress  that  baB  obBtinatcJy 
held  oat  ajj^iast  a  aie^e  in  regidar  form. 

The  uniformity  of  aepetiL  eit  tirsi  supposed  to  chamcteriae 
plunetaiy  DHbnlif  disapppjtrH  Iwfon-  thra  searcbing  scrutiay  of 
the  powerful  tele»to|>es  uuw  m  use.  Their  aurfucea  prove  to 
be  full  of  BUggeative  detail  They  are  broken  up  by  irregular 
coadeaaationej  or  furrowcfl  by  the  operation  of  aDtagouietic 
forces  \  they  betray,  here  poaoibly  the  action  of  TepuLaivej  there 
of  attraotive  influent'es,  and  bear  mBcnptione  of  no  less  profound 
historical  imporl  than  the  euntortionn  arui  faulUngt)  uf  berrestri&l 
strata.  They  are  quite  commouly  multiple^i  fomiatioua.  Oue 
glimmering  disc  ia  superposed  upon  another,  intimating  the 
analogy  of  the  auccessive  Ginij  envelopes  flung  i-ound  the  heads 
of  active  comets.  With  the  twenty-seven -inch  Vienna  refraetor 
Vogel  Huceeeded,  in  1883,  in  resolving  the  above-mentioned 
planetHry  in  Ophiudiua  (N-G.n_6  572)  into  three  distinct  layers,* 
doubtieHH  reprebeutiug  concentric  eUipboidu  of  unequal  auti- 
qnitj.  A  triple  outpouring  of  matter  at  age-loug  iotervala 
aeeme  recorded.  And  the  case  is  typical,  although  the 
nebulous  sheila  are  not  often  so  clearly  defined.  This^  however, 
ia,  on  the  one  hand,  a  matter  of  telescopic  seeing;  on  the 
other,  perhaps  of  evolutionary  progress.  By  way  of  illuHtra- 
tiou,  let  ud  tjike  us  the  fir^t  term  of  a  sequence  an  average 
ncbulotia  stui",  auch  aa  that  detected  by  Auwera  in  Auriga 
(N.G.C.  2175);  next  in  order  we  might  place  an  object  near  16 
Cyyni  (N.G.C  6826),  m  which  the  "glow  "  has  become  com- 
facted  into  a  large,  round,  seemingly  uniform  disc'  Sir 
WillLam  Herschel  descrilied  it  as  "a  beautiful  phenomenon, 
of  a  middle  species  between  the  planetary  t;ebul%  and  the 
nebulous  stars."*  The  following  term  of  the  aeries  may  be 
found  in  a  planetary  not  far  from  7  Eriduni  (N-G.C-  1535), 
conaiating  of  an  «leve nth-magnitude  sUr,  BmbosBed  upon  two 
concentric  nebulous  shields ;  or  nithpr,  presumably,  eudosed 
within  a  pair  of  nebulous  globes.  If  we  suppose  these  to  have 
been  produced  by  aucceseive  outflovre,  checked  at  a  limiting 


'  Sytrm  ofth*  SiATi,  p.  lifi«.  Fig.  36. 

•  JVW.  Lid:  OiMTwiftfry,  rol,  iii,  p.  212, 

*  I%i\.  rnmt.  Tol  xcii.  p.  522. 
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durface,  we  could  e&sHy  sea  tbat  the  occurrence  of  a  third 
access  of  ejective  cneifry  would  compleU*  the  model  of  tbt 
triple  8{ie4^imeii  in  OjrhiuT^liiis,  It  mny  lie  rtdded  that  the 
diiSciilby  ap[iejtra  almost  inauperablo  of  expkimng  the  growtJi 
of  multifold  plaEctarieB  oo  the  hypotbeeiB  of  simple  contraction 
A  repulsive  ^igcDcy  in  a  manner  oesctte  ile  ])aat  activity- 
Let  us  now  imagine  one  of  lYmne  tipLericul  envelopes  to  he 
hollow.  The  Frfft^t^t  to  tb«  e^a  woold  be  th&t  of  a  linoimicw 
ring.  And,  irt  fact,  an  nppreciable  proporLion  of  plauet^ 
ncb^ihe  ahow  an  iaiterior  circlet  of  dim  mdiance.  which  oan 
hardly  be  otherwise  interpreted  than  aa  the  projection  oii 
a  plane  of  a  vast  nebulous  bubble.  This  mods  of  coiietracLiou 
19  fully  carried  out  in  "  mnular  nebulfe";  it  is  parti^Uy 
realised  in  not  u  few  fipecimeiiH  in  which  &  ring  within  r  disc 
is  jiPi-ctiptible  or  (^flnHiuciums.  All  will  be  considered  tcgether 
in  the  next  chapter  i  io  this  we  are  concerned  only  wilb 
examples  devoid  of — eo  to  flpcak— syioptomfi  of  intlation. 

The  lary:eet  placetiiry  in  Iho  hoavena  lies  eouth-eaat  of  tb« 
second  Pointer,  /3  Uraie  Majoria.  Diecovered  by  MeeJmin  in 
1781,  it  WHa  numbered  97  on  Measicr'a  liat  (N.G.C.  3587), 
and  ha*  been  cxlenRiydy  nnd  t-arefully  ohserTed,  Ila  ditneii- 
flioQB  were  given  by  Lord  Itoaae  in  1674  as  163"  by  147' ; ' 
but  the  major  axis  meaaufeti  203'  on  a  photoj^raph  tiiken  by 
Dr.  Boberta,  with  an  exposure  of  four  hours,  20lh  Apnl 
1395,''  and  reproduced,  by  hia  kind  penniaaion.  in  PUte 
XXIV.  Fi^.  1,  The  observatioual  history  of  the  object  ih 
extremely  curious.  Sir  Joho  Herach4:l  aaw  "  a  large,  unifomi, 
nebuloue  disc,  quite  round,  very  bright,  not  sharply  dotined^  but 
yet  very  suddenly  fading  away  to  darkuega.'^  ^  On  2nd  March 
1848,  however^  Lord  Koaae  perceived  a  doubly  perforated  sur- 
face, with  a  star  in  each  oavity,*  and  Ida  observations  were 
confirmed  by  Dr.  Robinson.  The  drawing  representative  of 
them  ia  a  record  of  permanent  intercut  The  i^emblance 
to  an  owl'e  face,  given  to  it  by  the  aymmetricAlly  placed 
ifcniit  in  unmiBtiikebto ;  and  the  groat  planetary  m  Ur«a 
Major  became  known,  from  tht^  middle  uf  tbe  la^t  ceutmy. 


■  Ttana.  Hayal  Duhiiit  Society,   ro].  iL  |^  9S. 

'  CtlisCud  I'lu^o^iifha.  tu].  ii.  p,  127. 

*  FSi:.  Tnifu.  Yol.  cjiiii.  p.  *02, 

'  Jtiid.  tqL  uI  p]Bb«  iiiTii  ftg.   II,  p.  513. 
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09  the  "  Owl  NebuU.''  The  nume  has  survived  tlie  simi- 
larity. On  9th  March  1860  the  two  rttare  were  nottd  at 
VarEODstowQ  Bhiuing  qp  unuat  in  their  respecUve  exiM^vtitiona ; 
five  weekfl  Eater  the  fniDter  one  hud  vjinlahed;  ^  ttor  could  it 
ever  &giiin  be  fuuuil,  though  looked  foz-  about  fort;  times 
during  the  i^^nsuing  iiuartar  af  cl  oeutiiry.  To  Froreshdr  Keeler 
in  1891  ^  the  uebuk  wore  indeed  an  entirely  different  aflpeet 
from  that  previously  attributed  to  it  "  There  ia  but  one 
micleUB,"  ho  stated,  *'  which  ie  by  ostimnttoti  almost  exactly 
eeatml,  at  B  plac^  which  in  Lord  Rosse'a  drawing  iR  oocupied 
fay  a  faridge  of  light  betweiuti  two  dark  upenioga.  Thett*  in 
alflo  but  OTje  t-eutral  dark  space,"  Nevertheless,  two  appear 
io  the  Orowborough  picture,  like  lagoona  separated  by  an 
isthmus,  and  on  the  isthmus  there  is  planted*  as  it  wer^,  a 
liglithouBO,  ditfufiing  ii  briUiant  illumiualion.  Thu^  the 
interior  vaconeies  remain  in  statu  quo,  while  the  fltarw  tha-L 
Ibruierly  occupied  them  have  both  faded  out  of  sight,  leavinj^ 
the  prod ouiiim nee  to  a  1-ldrd,  not  identicjil  with  either  The 
change,  in  short — admitting  that  there  haa  been  change — 
relates,  not  to  the  structure  of  the  nebubi  itself,  but  to  the 
relative  bngfatnese  of  three  conneuti^d  stare.  The  question 
whether  those  at  presect  extmct  will  ever  become  revivified, 
cati  be  answered  only  by  prolonged  experience.  Br.  Roberta 
th^kught  that  hiti  phobogniph  iadic^te'l  for  tlie  nebula  a  :M]m- 
bined  ring  and  disc  formation;^  bijt  this  is  not  manifesL 
The  picture  affords  no  veritealion  of  the  mar^nal  iuecjualitiBa 
recorded  at  Tar^nBlown ;  yet  there  ia  reaeon  to  believe  that 
they  were  not  illusory.  The  torn  and  jagged  contour,  which 
PrcfeH8{>r  Alexander  expoijnded  &8  the  effect  of  "disrttption 
and  dispersion  oulwnrd,"  *  may  come  ioto  view  iu  reprefienta- 
tions  on  a  larger  ecale,  taken  with  sjjecial  prec/iutions  for  the 
definition  of  minute  detaila. 

The  suspected  alteration  of  the  Owl  planetary  accentuates 
the  need  for  keeping  watch  over  nuclear  ^tar^,  more  especially 
sini«  they  pi-e^ect  unexplained  pHcnliantit«.  Tlieir  light  ia  of 
purely  stellar  quality,  but  of  remarkable  actinic  powtT.     They 

<  fkiLTrnnA.  vol.  <j1l  jt.  721. 

»  PiM.  iAck  Oimrrat^ry,  *oL  iii  p.  20». 

^  M<MkOil}j  NotietSy  voL  Ivi.  jv  S7B, 

*  AMr.  J*ntm,  tot  U.  (j>  1*1. 
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are  very  much  brighter  chemically  than  vieufllly.  Fiirlh 
they  oftea  give  nebulous  images  on  the  Beneitive  plate,  while 
appearing  eharp  with  the  telescope.  In  aomu  nire  cases  (as 
in  N^G-C,  6731),  ■'^■^y  ^^^  eccentricaUy  ttttuHted.  Burnham 
is  ptobttbly  juatiiiatJ  in  if.gardiug  the  poaaeaflion  of  a.  central 
Btiu'  aa  an  essential  fealLin^  of  planetary  iiebolK,^  although  it 
13  occasioualiy  undiaceruible  with  the  teleauope.  N.G.C.  Qi-QS 
in  Sagittarius,  and  N.G.C.  7354  in  CepheuB,  are  eicamplea  of 
nebulous  discs  unrelieved  to  tlie  eye  by  the  sparkle  of  any 
Htelkr  pijints;  unil  ei  lieaiitiful  liulti  |tlitiieLiiry  in  I'l^ratr^us.  diti- 
covered  by  Barnard  11th  December  1890,*  is  ofeiimUr 
The  miasiug  nuclei,  however,  of  all  such  object3  would,  it  is  toler- 
ably certain,  become  manil'ostiu  long-expf^&cd  photographs,  which 
should  accc^rdingly  be  takcoi  for  the  purpose  of  deciding  a.  point 
of  fundamental  importance  in  the  economy  of  pknetary  nebula. 

rerhfipn  the  most  noted  lueml^er  of  the  olaM,  fron^  the 
numemua  experiments  of  which  it  haa  been  made  the  subject, 
is  located  ia  Draco  (N.G.U,  6543),  quite  close  to  the  pole  of 
the  ecliptic.  To  ordinEiry  observation  it  prescuta  a  greeiiisfa- 
blue  Buiface,  22"  by  18",  centred  on  a  vividly  white  star  of 
the  tenth  magnitude ;  but  FrofeBsorB  Holden  and  Schaeberle 
recognised,  with  the  Lick  refractor,  itn  "helical"  cunforui»' 
ticn.^  Two  brighter  intereecting  hoops,  perceived  at  a 
glauce  to  diversify  the  diac,  fell  into  position  on  t-Ioser  acruttniy 
as  the  thread  of  a  screWj  uniting  their  giu'vcb  into  one 
continuous  td -dimensional  spiral  The  diaeemment  of  thia 
novel  fonn — believcil  to  be  typical — was  a  suggestive  contri- 
bution tcwiirdH  what  might  be  teniied  the  solid  geometry  of 
nebuhe,  SpecuUtions  aa  to  its  mode  of  origin  would,  however 
be  premature  until,  by  the  unerring  testimony  of  the  cam 
it  hutt  be^n  delinitively  proved  to  Bubaiat 

The  Draco  planetary  was  observed  on  the  meridian  by 
Lala]]de  26th  July  1790,  ami  there  are  no  gcod  grounds  for 
holding  it  to  have  since  shifted  appreciably  from  the  place 
then  aaaigned  to  it,  BumhiLm,  it  is  tFrue>  has  found  a  pro- 
greaaivo  diminution  of  tho  UiBtancc  between  the  central  etar 
of  the  nebula  and  one  external  to  it,  amounting  Co  0^033' 

1  PuifL  LU^  OiitervaioTf/,  vol.  it  p.  16B. 

'  A^.  Alk*.  So.  aoiT  ;  RiimUini.  MmtAIi/  Notias,  tdL  ML  pp.  S3,  449. 

'  lifif*.  vol,  KlTiii  p.  38B. 
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onmially;'  bat  thfl  moveinBiit,  if  real,  niay  eonfiiently  be 
ascrHjeJ  to  the  (listcmiiected  stiir.  Tb<i  uebuU  is  indeed  very  far 
from  being  atationarriu  apace-  Profeasot  Keeler  det^tmiDed  for 
it  sptttroscopicjiUy  iu  1891  a  vdotity  of  approacli  towards  Uie 
solar  Sfdtem  of  forty  milea  a  second;"  aod  its  appurent  ItKity 
on  the  sphere  ie  doubtless  only  an  edect  of  extreme  remotc'- 
Dsss.  Some  attempts  to  UetBrmiiie  \l»  aiiTiufil  parallax^  have 
resulbeJ  only  in  showing  ib  to  lie  MtiM  "  below  compute/'  From 
the  prismatic  examia^tioa  of  this  object,  lat  Augxiat  1864,  Sii' 
William  Huggias  learned  the  cxietenoe  of  gaseous  nobuJfe. 

A  nebula  in  Cygnufc  (N.G.C.  6826)  waa  described  by 
Mr.  Bumham  aa  "  almost  an  exact  duplicate  "  of  the  plani^iJiry 
in  Dra:io,  Tt  ia  nearly  dicular.  the  longer  diameter  measuring 
nearly  27".  the  shorter  24".  The  nucleus  ia  very  bright 
(8'^  magnitude),  anJ  give^  a  iitrong  continuoua  spectrum. 
The  light  from  the  dioc,  too,  includes  an  imuauolly  large  whiU 
ingretlieut*  The  radial  motion  of  this  nebula  is  very  small; 
it  approochefi  the  aun  by  A-'i  milee  a  necond.  But  the  sun  is 
travelling  on  itn  own  ac^eount  Utwards  itH  plau?  at  a  much 
higher  rate  of  speed,  bo  that  the  apparent  sluggiahiieaa  of  the 
nebula  indicates  that  it  is  really  moving  away  from  ua,  its 
mt^anred  p^ice  repreaeiiting  only  the  velocity  with  wliich  our 
system  gains  upon  it. 

The  spectra  of  planetary  tiebvilEe  are  fuudainentally  aliko; 
they  differ  only  in  details.  About-  forty  bright  lines  bavp 
been  determined  in  them,  visually  and  photographically,  and 
they  are  invariably  fine  and  sharp,  as  if  emitted  by 
matoriak  of  greiit  tenuity.  They  eeom  ha^y  only  just 
where  they  cross  certain  difTuae  uTiclei;  and  this  feature 
aeeuia  to  imply  u  gradual  eoudenaatton  of  the  uebulous  stuEl' 
towards  the  cantml  iwinsA,  whidi,  in  such  casea.  cannot 
properly  be  called  a  ntar.  The  essential  characteristic,  however, 
of  nebular  light  ia  the  preeeoce  in  it  of  the  ray,  or  rajB,  of 
'*  nobuliuEL"  This  is  the  ouo  aure  criterion  by  which  gaseous 
nebulfe  cjld  be  distinguished  from  stara^     The  chief  nebulium 

'  Vimthip  JfiiiU^.  rnl.Iii  p.  40;  PlU/L  LUk  Obtfrvarory.  ¥ol.  ii.  p.  Ifla. 

*  Jbid,  to],  iii.  p.  ai7.  '  -*Wr.  A'aM.  Ko-  IftSS, 

*  Publ  £.ct  OhvTraifiryy  rot  HI  pp.  2tl,  ai7  (K^oltr), 

"  Thii  biaertion  mnsi  be  qudili&j  if  Mivi  C«ii(kOJ]'fl  trbdCTTatiuD  of  ihe  lin^ 
\fiO0T  in  »TtAin  iD«mbeiB  of  tbb  Wolf-B^Tet  faiuily  be  HiibstiLiLiitaJ.  UGTWd 
^ftnfiij.  vol.  TXTiii.  p.  HI. 
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line  boB  a  wnvo-length  of  X  5007^  &iid  is  of  o.  clear 
colour.  With  it  ie  coitBtrmtly  aesociated  a  ruy  uboat  ono^third 
as  bright  at  X  4959,  and  the  invariability  of  their  relation 
lends  strong  probnbility  to  the  opinion  that  both  emanate  from 
tbfi  same  Rubntanc^.^  A  etrong  ultra- viulet  line  at  \  372*1, 
pliotogr^ipbed  for  the  first  lime  by  Sir  William  and  I^idy 
Kugijine  in  1882,  perhaps  claimB  an  idoELtical  origin.  Thi^, 
however,  renmine  doubtful  in  the  abeencc  of  tieoisive  evidence 
that  it  ill  un  unfailing  <!ongtLtuent  of  the  nebular  i^pectrum. 
The  green  gas  rlesignated  "  nehulium  "  ia  unknown,  eo  far. 
terreatrially  -  oor  has  it  been  observed  to  sliine  id  any 
of  the  heavenly  bodies  except  nebiJij;.  There  ie  r&xson  to 
believe  it  deneei,  or  at  any  rate  less  diffuBivo  than  iiydrogen. 
An  object  catalogued  in  the  Southern  Durcbuiustorang 
(13  a  ninth -magnitude  j^tar  under  the  title  S.li.M-  ^12" 
1172,  wan  foiuid  by  Mta.  FleuuDg  in  1891  to  give  the 
apectrum  of  a  planetary  nebula.  But  hydrogen  glows  in 
it  with  unusual  iotenaity.  The  relative  brightnew  of  the 
three  greon  lines  ia  L-atimated  by  Campbell  ^  to  be  ordinantr 
10:3:L.  F  (B.ff)  being  the  faintest  and  most  lefrangiblo. 
But  the  proportion  in  the  planetary  neir  Kigd  iB  10:3:7- 
[n  other  wimla,  hydrogen  iti  of  seveu  tiiu^^a  ila  iiurma]  lustre 
uompaTittivoly  to  nebulium.  Further,  the  three  Jinen,  when 
viewed  through  an  open  slit,  t'orm  tliaca  of  severally  11",  9", 
and  14''  diiiineter-  Here  then,  apparently,  a  hydroj^i-envolope 
conatLtutea  an  outer  ehell  to  the  nehuhunj-Gphere ;  and  a  gas 
that  riaes  higher  than  another  is  preaumably  specitically 
lighter,  although,  in  view  of  the  enormaua  altiiuden  attained 
by  calcium  vapour  near  the  f^uik.  the  infereuoe  luusti  be 
regiirded  aa  subject  to  quolitication.  Certainty  on  the  point. 
and  on  many  otherfl  connected  witli  the  phyaica  and  ehemi&try 
of  nebulie,  may  be  said  to  Its  uiiattjiinable  until  u^bulium  is 
captured  in  the  laborntory.  And  the  prospect  of  this  achieve*- 
ment,  although  not  liopeleas,  is  remote. 

The  following  table  sivea  the  wave-lengths  ^nd  origins, 
when  they  are  known  or  citn  be  conjectured,  of  forty  bright 
line«  in  the  epectra  of  planetary  nobulee.  A  few  are  common  to 
&11,  notably  the  trio  in  the  green,  with  about  half  a  dosen  of 

^  WilfliDg  ud  .Sclifliatir,  Aitr.  Xarh.  No.  S80S. 
^  Cftmf  li«lJ,  _f  I'r  Hid  AHirophyxici,  vol.  liii.  \\  4Q4. 
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the  l>luo  and  ultra-blue  liydroj^eu  lin^a,  while  others  are  more             ^^M 

individual  iu  their  oocurroDce  ;   but,  on  the  wholo,  bodiw  of            ^^M 

this  class  aeem  to  be  of  retnarkahly  uDlform  constitution.                ^^^H 

LlHEb   ODflEftTK:>    DT   TBI    aPB;OTB&   OF    Fla^ET&RT    NeBULjIL                       ^^^^| 

Wuri'Liiugtb,                                                                        Orl«itL                               ^^^^H 

6563                                                           Hjdrogt'Ti  (Ka),                                ^^^| 

5B73 

Hcliiim  (t>,).                                     ^^^H 

&Tfi| 

Oijgen                                          ^^^H 

&tsso 

Unknowtu                                           ^^^^^H 

6640 

^^^^H 

5412 

HrJro^'eiL  -.  Pickering  Krie*  F              ^^| 

5313 

Cnknovlt.                                            ^^^^^M 

61^3 

UnkDOWfi.                                           ^^^^^1 

5007 

Kcbaliuiu-                                           ^^^^^H 

4U59 

NtWlkuiu  7                                                  ^^M 

4861 

Bjdrogetx  (K^),                                ^^^1 

479D 

^^^^^H 

4743 

UnknoHii.                                      ^^^^^B 

4TI5 

UnkaowD.                                             ^^1 

46SS 

Hydrogen;  Rydbel^Mneaf                   ^H 

4662 

Ublcbotrn.                                                   ^^1 

4643 

NitrujLEtia                                        ^^^^^| 

4610 

Kitroif«n                                        ^^^^^| 

4597 

NitrogHn                                              ^^^^^1 

4&74 
4472 

^^^H 
^^^^^1 

43»0 

UID                                                                   ^^^^^1 

43fl3' 

Unlcnawn^                                           ^^^^^^| 

4341 

Hydrogen  (ily).                                ^^^H 

42aA 

nono.                                           ^^^^^1 

4I4& 

UakuowiL                                           ^^^^^1 

4l2e 

^^^^1 

4102 

Hydrv^vD  (Hd).                             ^^^H 

4007 

ITn  known.                                     ^^^^^| 

4038 

Hehamn                                         ^^^^H 

3970 

UjdruRta  (H().                                 ^^^H 

3963  > 

UuknuvriL                                          ^^^^^| 

3889 

Hv'lrogen  (Hf),                             ^^^^^| 

3869  J 

^^^^^1 

3830 

Hydrof^tu  (^17).                                ^^^^| 

3790 

H;drogen  (HS)                            ^^^H 

37SB 

Hydrogen  (Ht),                             ^^^^^| 

37  B7 

Unknown.                                     ^^^^^M 

3430 

Uak^iiowD.                                     ^^^^^1 

3:i»o 

Unknoira,                                           ^^^^H 

^  A  TommlA  coDDMtiikf  then  thrtt  liuea  into  a  «riFA  hfti  beejt  published  bj                 ^^H 

Mr.  E,  P.  J,  Lova  (AforiMfj/  A^u/ieu  toL  Uti.  p,  &24}.  liul  thfiir  CflDli>nii%  to  it                ^^M 

may  be  purely  AoailBiitiL                                                                                                    ^^^^^^ 
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Several  of  the  'Wolf-Rayei  lines,  it  will  be  observed,  are 
compHaed  in   this  list,  notably  those  at  X  541,  \  469,  and 

X  464.  And  the  nXit^nce.  uf  recoguiaizble  uieUtllit  rayn 
Btirengtliens  the  aua^logj  with  etais  of  that  peculiar  dtrscrip- 
tion.  As  a  rulei  the  hydrogen  spectrum  iii  planetorica  begins 
with  the  green  line-  The  red  line  hoa  been  diatinguiahetJ 
JD  only  u  few  scpeeimena,  which  appear  luon*  ooudenaed 
tbac  the  rest.  Ye^  it  would  ba  msb  to  jLHsnme  that  this 
is  I'Ktlly  the  case.^  The  relative  intensity  of  the  hydrog>*n 
lines  in  stars  ntd  nebulffi  is  au  intricate  subject,  the 
r&miticationa  of  which  have  yet  to  be  tracked  out.  The  coin- 
cident Jippearanco  of  D,  with  C  ie  worth  notice  &s  a  Jdiit  that 
tha  conditions  favourable  to  the  deveJopment  of  the  slower 
light- vibrations  ure  tlie  name  for  helium  as  for  hydro^n. 
They  are  markedly  present  in  Struve's  planetary  in  Ophinchus 
(K.O.C  6572  =  G.C,  4390).  which  gives  a  complex 
HpectriUQ  of  at  lisast  thirty  liuea,^  accompanied  by  faint 
continuous  radianse.  Three  claasda  of  fact  regarding  it 
are  recorded  in  Professor  Keeler's  dkelch  of  the  portion 
of  it  accessible  to  eye-ohservrttioiia  (set  Plate  XXIII.  yig.  2): 
lirBt,  the  positions  of  the  component  th.js  in  the  scale 
of  wftve-lengtha ;  next,  tlieir  relative  lustre ;  thirdly,  the 
extent  of  tha  nebula  from  which  they  are  derived  And 
it  Is  of  interej^t  to  peroeivi)  that  only  those  aeaociatcd  with 
nebuliura,  together  with  the  gre«n  and  blue  lines  of  hydrogen 
(Hj8  and  H7),  seem  U}  reach  the  limits  of  the  dint,  while  the 
others  are  radiated  only  by  its  central  parts.  Still  we  have 
to  remember  that  the  length  of  the  lines  must  depend 
to  some  extent  upon  tlicir  intenaityj  and  that  they  may  be 
«hort  only  becanae  the  sections  of  them  given  out  by  dim 
regions  of  the  nahida  are  of  evanescent  faiutnesa.  Professor 
Keeler  suepccteti  the  presence  of  dark  Vwnds  interrupting  its 
continuous  light  between  D^^  and  X  5C07/ and  they  will,  iJ 
veriiied,  supply  the  only  extiint  proof  of  absorptioo  in  gaseoi 
nebviliic-  The  nucleus  of  ^  6  apparently  reinfoicee  the' 
emissions  from  the  diacj  but  It  iB  plainly  not  a  genoine 


'  FeTrr^fl  «j^pfrim«nU  4tUpu1t  ialSflS  v«Dt  to  Bhaw  thdt  C  i^izu  id  raUtu 
aUrea^th  'i^'ith  dimifi^B^tug  \tinaan  (Ph^icat  Revieii',  Tal.  vij.  p.  Ij). 

*  C^mplioll,  JHr.  and  A9lr<rfAf/$ia,  rtiL  Jiii.  ]>.  4&& 

*  Piihi.  Liek  lyfMrmt'rry^  vol.  iiL  p,  20B. 
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Further  apectrographic  mTeati^lion  of  the  object  la  mr>st 
desirabJe. 

In  the  Pmco  planetary  (N.G.U.  6543),  on  the  contrary, 
the  stellar  and  nebular  elements  of  ihe  spectrum  are  perfectly 
dJEtinct.  Some  of  the  bright  lines  can  indeed  be  seen  only 
when  the  central  star  ia  outeide  the  slit,  and  are  therefori) 
due,  in  ProfeMor  Campbell's  worUa,  "  to  the  nebula  proper,  oa 
indeed  aro  cdl  the  lines  obaeived,  and  there  it)  no  evidence  to 
show  that  they  exist  at  all  in  tlie  central  star,"'  A  few  of 
thoBe  regifllered  in  .Struve's  pkni:'tiLry  niv  niissii^  here,  parti- 
oularly  the  lijdrogeu  line  (Pickering  aeries)  at  X  541  ;  but  C, 
D^  and  both  the  WoU-Rayet  blue  radiations  are  perceptible* 
while  the  leading  ultra-violet  line  at  \  ;<727  appeared  con- 
epicuouBly  in  Von  GothEird's  pbolographa'  The  relative 
strength  of  tfae  green  linee  in  tliis  nebnJa,  aa  determined  by 
Campbell,  is  10:3  "2.  It  is  of  u  vertl - antiipK"  hue,  and. 
indeed,  the  nearly  total  rsuppreBfiion  of  red  rays  in  their  light 
givea  to  all  planetariea  a  line  cr  greenish  tinge. 

One  of  the  Durchmueterung  etara  in  Cygmis  (D.M. +  41" 
4004)  was  noticed  by  the  late  Prebendary  Webb,  14lh 
November  1879,  to  have  a  hazy  dise,  some  10"  in  diameter.* 
Stephan.  at  MiirKsiHea.  indei>endently  detected  its  tiebular 
character,  and  Winaecke  compared  it  to  a  small  comet  with  a 
tenth-magnitude  nucleus  at  its  preceding  end.  Moreover,  the 
nucleus  ia  double,  I'rofossor  Keeler  described  the  object 
(N.G.C  7027J  as  follows : '^"  This  is  the  brighleat  nebula 
that  I  have  examined,  and  its  spectrum  is  exceedingly  interest- 
ing. The  nebula  in  irregular  in  outline,  and  eoiitains  two 
central  condensations,  one  of  which  has  an  oval  and  fairly 
well-detined  outline.  The  other  is  much  fainter  and  more 
dilTuse."  Hie  drawing  of  it,  made  at  the  great  telescope,  ia 
copied  in  Plate  XXHI.  Fig.  3,  together  with  a  ropresentaMon 
of  its  speclnim.  The  nuelei  are  ohvioualy  non-stellar.  The 
continuous  sp^*ctrum  of  even  the  more  eouHpicuoiia  memlvr  of 
the  pair  is  not  incomparably  brighter  than  that  derived  from 
the  disc,  and  it   claims  all   the  emission   rays  as   properly. 


■  ihtd.  T6).  tfL  pp.  53,  SB. 

»  Astr.  A^ofi*.  iToft  aaw,  mas,  aarn*. 
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thoi^h    not  eseUBiTely    belongiog    to    it.     Profesaor    £o^ler 

acGordinglf  regarded  it  ai  "m  s  much  leae  t^ondenaed  sUte 
Lba^D  the  nudei  uF  ^  6  and  mnny  oilier  uebulEf  oi'  it:^  kind," 
its  exceptional  brillitLncy  notwithebanding.  The  eyectnim  of 
Webb's  pknctaij  is  remarkable  for  the  iiLtcQsitj  of  aome 
usUJilly  qiiit^  enbordinati?  lince,  cepei-ially  of  the  Rydberg 
hydrogeu  r^y  (X  4688),  and  of  the  uukuown  lint^e  at  A,  4743 
and  \  4363.  Camptipll  could  juet  idenLify  the  red  glint 
or  CV  which  hy  [in  laintneffl  evurled  Ke«l+:(r's  survey ;  D^ 
was  mode  out  by  both  obaeiTete,  and  an  mudeatifieil  liue  &t 
\  3869  was  photographed  hy  Von  Uothard  in  1852,  although 
hia  pLaUa  werij  blank  at  the  plaoo  where  the  eigtii Scant 
A,  3727  was  expected  to  appear,^ 

A  coiDpatHQn  to  Webb's  nebula,  both  in  phyfdcul  aspect 
and  hy  vioiuity  in  the  sky  (N.G,C\  7026),  whh  discovered 
apectroacopically  by  Dr.  Copeland  m  1880,*  It  liad,  however, 
been  observed  tcIeocopioaUy  by  Mr  Burohnm  Goven  yeAn 
earlier.*  It  is  amall,  bright,  duplex,  a  pair  of  diffuse  nuclei 
6"  apart  sustaining  a  filray  structure  whieh,  viewed  with  the 
Liok  refraotoT,  suggested  a  enmpuriaon  to  two  sheaves  nf  com 
laid  side  by  mde.^  Burnhani  refuses  to  admit  the  planetary 
nature  of  either  of  the  objects  in  Cygnua,^  yet  their  spectra 
soarcoly  allow  them  to  be  rolej^ated  to  a  dilferent  class.  The 
^ "  Rydberg  line "  is  equally  promJnout,  relatively  to  tbeir 
brigbtQ«aa,  in  both  objects.  From  the  cosmogonic  point  of 
view  they  are  of  high  illustrative  iiuportaiic.^.  We  seem  to 
have  before  our  eyes  double  abars  in  alow  course  of  fonontioD, 
and  preparing  to  bieak  loose  by  the  development  of  systemic 
revolutioDs  from  the  trammels  of  a  joint  rotatiotL 

Bi  -nuelear  planetaries  are  not  uncommon,  Ond  such 
(N.G-C.  3195J  was  observed  by  Sir  Johu  Heracbol  in  the 
south  polar  constellation  of  tlie  Chameleon,  and  ia  depicted  in 
hie  volume  of  Cape  IUsilUs.  The  nuclei  are  fairly  well 
matched  in  lustre,  and  will  perhaps  grow  into  a  double  star 
Like  7  Vtrginis,      Their  speetnim  is  still   uureeorded ;  but  it 

^  ^«r,  and  A^irofihr/fia.  jo\.  xiji   p.  ^OB,  '  Ibid^  toL  rii.  p,  fifi. 

*  Attr.  NatJL.  Nn,  2Sft3  ;  Coptrmms,  vol.  L  p.  a. 

*  MoiUhtt/  ^ttticta,  vol,  ucit.  p-  7J. 

'  KeeloT,  Puhi.  Lick  Obiervaiori/,  rol.  iii.  p.  814. 

'  Monthly  ^'t^bccji,  rol.  lit  p|^  4£i,  40. 
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wiU  be  of  oonMderable  mtereat  to  dBtcrniitie  whether  it 
eshibite  the  peculiarities  visible  in  those  of  the  doubl<?  pLane- 
tjiries  ill  CyguiLM.  Two  briglit  patches  Bear  ojjjuisite  margiua 
of  bhe  circumfereuco  give  the  nebuU  lo  Cbameleon  somewhat 
bh€  air  of  a  reduced  copy  of  the  ceLobrated  "  DumbbeU "  iu 
Vuipeculn. 

Of  !t  phm^Uiry  Id  the  Poop  of  Argo,  origiualiy  duooverad 
by  the  eM^r  HeTHchet,  IjiBBell  wrote  at  Maltu,  &boi]t  1 85 1  ■ ' — 
"  No  descnptiuii  ran  do  justice  to  thin  singular  objeo>t."  which 
is  "not  beautiful,  for  it  has  UQ  aymmetry,  but  wonderful** 
Hia  drawing  sbowa  the  disc,  which  had  appeored  to  d'Arreat 
perfectly  round,  as  pear-ehflpod,  with  multiple  coadensatione. 
So  that  a  quadruple  or  i^aintuple  stitr  in  enibtyo  eqsj  here  be 
offered  for  our  contenipla.tion. 

"Stelbtr"  nebulje  hiiva  been  moBttj'  diseovPred  by  Hcker- 
tng's  method  of  Hweeping  with  tk  direct-vision  spectroscope. 
There  ie  probably  no  radiiail  diBfercnce  between  tlaem 
and  planetarioa,  for  their  comparative  minuteness  may 
be  A  simple  effect  of  distance.  Or  they  may  be  coa- 
atjucted  aa  a  reduced  si;ale.  We  should  naturally  e:(pectp 
to  meet  in  nebubn  u  variety  of  dimeaHiuns  not  inferior  to 
that  existing  among  stars.  Moreover,  they  are  ^11  ulik& 
gaseous,  and  give — bo  fiir  as  is  yet  known — perfectly  similar 
tipectra,  Nevertheleea^  Mr.  Bumhsm  writes  of  the  stellar 
kind  as  "very  amaU,  bright,  round  nebiils^,  which  in  a  Bmell 
instrutueut  would  resemble  titarn  slightly  out  of  fo<;us,  but  do 
not  appear  to  come  within  the  planetary  claaa.'*"  An  admir- 
able specimen  was  detected  spoftroatiopicaUy  by  Pickering 
16th  July  1882.  t*reviously  registered  ilb  a  9'4  magnitude 
aUu,  it  took  rank^  on  the  strength  of  its  bright  lines,  as  a 
stellar  nGbula(N,G.C  6790).  The  Liek  thirty-six -inch  showed 
it  to  be  round  and  lucent,  with  a  minute  imelwir  point.^  A 
miniature  of  Struve's  planeUuy  in  Opbiuchuft  seemed  to  float 
in  the  field  of  the  telescope.  Without  a  9lit,  the  spectrum, 
eiamtned  hy  Keeler,  reaembled  thiee  tiny  greenish  ektrs, 
that  formed  on  H^  bein)^  icuth  the  fainteat,  Tbia  stolUr 
nebula  aceordingly  i»  analogous  to  Webb's  planetary  in  the  feeble 

'  M<rno(rt  Jioyrd  AMt,  Soei4ty,  ToL  tKiii.  p.  41- 

>  MtmtJil)/  Notka,  toL  Ui.  p.  31. 

'  Fiib{.  Litk  Ofmrmtory,  toL  iU.  p,  2U. 
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glow  of  i\&  liydrogen  coxtetilueiil.  Another  pseudo-filar  in 
Aqaila  (N^G,C.  ^891)  diaclosad  itself  priamatically  to  Dr. 
(.'Opelond  in  1834^  It  bjia  a  diBt^  jusC  4"  ocro^,  ;iDd  iu 
spectrum,  photognxphed  by  Tod  Gothard  27th  October  1852,* 
includ^a  the  usual  range  of  uelinlar  lintrti  up  to  X  3737, 
beaidHs  n  fair  udmiiture  of  coDtiniiouH  light.  A  nebula  of 
the  fourtreeuth  Tnagnilude*  vit^uallj  a  £aiahed  atur,  was  uotked 
for  the  quality  of  its  light  by  Pickering,  25th  November  1881, 
near  the  star  h"^  Cygni^'  More  conspicuous  memberQ  of  the 
c]ut<9  itave  been  ideutili&d  id  coneiderfible  numbers  od  the 
Draper  Memorial  plates. 

The  L^rowd  of  amall  nebulif  photogmphed  hy  Dr  U&x 
Wolf  in  1901  compriaed  a  remarkable  proportion  of  seeming 
planetaries.  They  were  collected  on  hia  plates  into  piuis 
and  jfToups  Id  a  mauDcr  recalllug  the  distribuUon  of  WoU- 
Kayet  stais,  hut  not  previously  observed  to  eharacterise  that  of 
pknitLjiry  nebul^F.  The  qutatiou  indeed  ariiee  whether  UieyaR 
iB&lly  »uch  '^  Or  do  they  rtttlier  belong  to  "  tbat  much  lees 
intereeting  class  of  objects"  designated  by  Mr,  Biunham  u 
"email  circular  patcJias  of  nehnlosity "  f  The  spectroscope 
alone  can  decide,  and  ite  verdict  should  be  elicited  without 
dahty.  Upon  it  will  largely  depend  the  coQcluaiona  to  be 
drawn  rnspeetping  the  aflinilips  ol'  the  planetary  fautily.  ttieir 
mutnual  relatiourt.  and  the  mode  of  their  scattering  in  epHCe. 

There  is  reaaon  to  believe  them  enormously  remote.  Four 
have  been  ilirectly  measured  for  parallax,  namely,  the  helii:al 
nebula  in  Draco,  the  bi-ouclear  planetary  in  Argo  (N.G.C- 
2440X'  Webb'8  in  CygnUB,  and  a  ati-acture  with  a  nag  lujd 
ihsc  in  Aiidrumeda  (N.G.C  7663).'  Xoue  showed  the  least 
sign  of  perspective  shifting  when  viewed  from  i>ppoBite  sidea 
of  the  earth's  orbit;  and  the  demonstration  thus  atlbrded  of 
their  immoDse  distance  ia  confirmed  by  thij  infcnsibility  of 
nebuliir  proper  motion.  Thii^,  sioee  it  is  conlinuaLly  pro- 
greflsive,  must  eveatnally  prove  determinable,  and  comparisons 
(i  its  Timount  wil^h  the  mean  radial  velooily  of  these  bodies 
will  ^Ltpply  ft  criterion   for  their  absolute  localisation,      Pro- 


J  AtLr.  aad  J$lrophytiaf  vol.  ^li  pr  5£, 

■  O^eervatttry,  roL  t-  p.  2fl. 

■  D'Armit,  Ltip^g  ^Mi^ndi.  BJ.  lil  |i.  BOS.  Itt7. 

*  Witling,  J4tr.  AocA.  Iffm.  31»0,  3301^ 
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fesBor  Keeler  derived  from  the  line-iliaplacemepta  in  the  apectra 
of  eleven  Deboiio  a  value  for  this  quantity  of  eixtoon  miloa  a 
Bccond  ;  and  by  sixteen  milee  a  eeoond  they  should,  accordingly, 
on  Jin  avei-age,  progreaa  along  each  of  the  other  <:o-ordiuat*ft 
fixing  their  [lositioii  in  aynvce.  When  i^nenpoadiiig  angular 
ij-dvuncea  have  been  E;ata.blLahed,  theii'  average  diHtunue  can  then 
at  ouod  he  eetimated.^  Let  no  aiiaume,  for  instance,  that  the 
eleven  nebulae;  in  qucstioUj  token  one  with  the  others,  havo  a 
tiecuiar  proper  motion  of  three  seconds  of  are  in  declination,  and 
as  much  in  right  oscenaion.  ThiK,  although  the  outside  of  whai 
is  probable,  implJea  that  their  mwm  dirttantrrt  eitrTBupondfl  to  n 
lighUioumey  of  583  yeara  A  planetury  not  more  than  10"  in 
diameter  would,  if  thus  remote,  tili  n  globe  about  600  times 
wilier  in  girth  than  one  ciruled  by  the  orbit  of  Neptune,  and 
216  uiiUion  times  more  cap^ioua  The  data  supplii^d  by 
Proffti«or  Keeler  are  indeed  an  obviausly  insutficient  ground- 
work for  extensive  generalisations;  but  more  of  the  Bame 
kind,  and  il  may  be  hoped  of  nob  inferior  quality,  cannot 
fail  to  be  forthcoming  shortly;  while  the  precise  visual 
measuromente  executed  by  Bumham,  Spitaler,  Javelle,  and 
others  will  surely  serve,  after  some  decades^  for  tbd  detec- 
tion of  genuine  nebular  journeyinga  acroAs  the  sky.  A 
beginning  of  deHnite  knowledgt;  will  then  have  been  made 
regardiug  the  true  maguitndeB  and  place  in  the  sidereal 
3chenie  of  tbeso  singular  objeeto.  It  moQt  not,  however, 
he  forgottoo  that  many  of  the  faint  stars  taken  as  fiducial 
points  for  their  micro  me  trityil  determination  may  prove  to 
t>e  satellites  of  the  neighbouring  giu^Bous  globes  drifting  and 
Hhifting  in  their  eompauy.  This  disquieting  pufl^ibilily, 
foreseen  by  Sir  John  Heiaobel  and  d' Arrest,  would,  of  course. 
if  rralised,  vitiate  conclusions  as  to  parallax  or  proper  motion^ 
Yet  the  work  done  for  these  purposes  need  not  be  looked 
upon  as  wasted.  By  its  aid,  jahoiild  the  slow  revolutionary 
moveicents  of  stars  round  planetuiy  nebulie  ultimately  be 
brougbt  to  light,  a  new  department  of  sidcre^^l  mechanice 
may  he  founded.  Exact  determinatioDe  in  astronomy,  made 
on  a  judicious  plan,  are  rarely  uoeleas.  If  unprotitable  for 
their  designed  aim,  tlieyare  pretty  sure  to  iiun  to  ;LCcoimt  for 
some  otber,  and  perhaps  a  higher  one, 

■  Klg>b«,  Attr.  Nftch.  No.  3037- 
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TsK  model  annular  nebuk  la  the  beautiful  6Imj  ellji 
situated  between  0  and  7  Lyrrc  (N.G.C,  6720),  Disco 
by  Dtirciuiei"  at  Toulouse  in  1779,  it  appeared  to  Sir  William 
Hersebel  a  simple  hoop  of  light,  quite  dark  within,  Tbe 
"  gauw-  dniwu  over  the  lioop,"  apokeu  of  by  Sir  John  Herscliel, 
bad  been  perceived  hj  Schroter  in  1797,  and  with  long 
expoaurea  the  photographed  ticg  fills  up  into  a  diHC,  l*late 
XXV-  ia  taken  from  a  eingularly  perfet^t  representation 
obtained  by  Mr.  "W".  K.  Wtlaon  in  twenty  minulea,  wbile  aci 
hour's  exposure  anfficed  to  blur  beyond  recognition  the 
ulianteterifltic  annular  Hspeet  of  the  8LriicL;]re.  Yet  the  havoc 
tbu8  wrought.,  iu  a  pictorial  sense,  ia  compeitBated  by  the  experi- 
mental aignificflnce  of  a  result  proving  the  interior  of  the  ring 
to  1^  far  froin  vacuous  of  luminoue  or  lumineecent  materi&L  ^^^ 
The  dimt^naiona  of  the  ring  are  about  87"  by  64*.  ^^H 
was  ahown  in  the  Liek  negfliivea  as  an  etceedingly  i?oinple^^^ 
Htrui^Luit*.  "  It  aeecift/'  Professnr  Keeler  mote,'  "  to  !« 
up  of  oevereHl  narrower  bright  rings,  iaterlacing  wjmew 
irregulnrly.  the  spaces  between  tliem  beiug  filled  with  fainter 
nebulosity/'  Many  bngbt  pateheeand  condensations  direnn 
the  main  annLdua.  which  ia,  neverthelesa,  fundamentally  co 
tinuouB ;  it  does  not  break  up  into  detached  kn<jL»  of  nebti- 
loaity.  The  light  is  atrmyeHl  near  the  eitremities  of  the 
transveree  asia,  and  ita  failure  at  each  vertex  of  the  ellipse, 
con&pjcuonaly  shown  in  our  Plate,  was.  already  in  1 735 ,  noticed 
by  the  elder  HerschoL'     It  la  aooompanied  by  Bymptotna 

■  Adr,  JakTbyuX.  iTSa,  p.  342 :  F%il  Tr^tu.  tol.  Uxt.  p.  ML 
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effiution,  murking  [HiAi^ibT^  eiju^lurial  uultluvra  due  to  roLativg 
occeleratioo,  Loril  Hoese  in  1663.  jUiiI  SciiulU  iu  1865, 
wore  alike  struck  with  "  nebulous  radiutioas  in  the  dir<.'ctioii 
of  the  longer  nxi&,  which  eeenitKl  moraentaiily  almost  to  deetroy 
the  jiniiiiLir  form."  They  ifisued  Eroin  the  north-eastem  Hide, 
while  a  similar  uppearaaca  on  the  south -westerly  side  of  the 
oehulft  VTftH  oLservtd  hy  rrofeasor  Iloldeu  aI  Wiishiagton  ia 
1875,*  He  perceived,  too.  with  surprise  that  the  eoulh  end 
of  the  minor  ^ida.  which  Loid  Roese  had  repredeated  as  the 
beet  terminated,  wae  unmistakahJyi  after  thirteen  yeaie,  leee 
clearly  liniahed  ttian  the  north  end  Similarly,  the  Lick 
thirty-Mx-inch  diHeloRed  in  1S83  '  the  whole  Houthem  luai^iii 
tis  frlaiuentoua,  by  e.  kind  of  altemablon  with  tht  corresponding 
atate  of  the  northern  edge  noticed  at  ParBonHtown.  Tlkifl 
tufted  or  fringed  elfeot  wa.8  caught,  for  the  lirst  time  pboto- 
pTflphicflJly^  by  Profeaeor  Keeler.  The  oval  imprinted  on  hia 
plates  was  fringed  on  both  sides,  and  his  measurement  of 
eleven  nebulous  j>rojectionB  from  it  wiU  give  the  tneauM 
of  detecting  any  future  variatioDB  in  tJieh-  luminosity  or 
distribution. 

The  gauzy  etuff  in  the  interior  ia  not  q  mere  formlesB 
light-mist.  A  drawing  published  by  Lord  Roase  in  1844 '^ 
represented  it  as  divided  into  longitudinal  strin*,  ami  their 
reality  was  i^niirmed  by  iJie  Ur^^ssley  photographs  after  fifty- 
five  yeora  "  I  have  tried/'  I'rofesaor  Keeler  wrote,  "to  verify 
this  baud-3tructure  by  yieual  oliservation  with  tlie  thirty-aix- 
inch  refractor,  and  have  fancied  at  times  that  1  could  eatch 
glimpaes  of  it ;  but  the  obseivation  is  a.  most  diiScult  ols,  Che 
contruHt  of  Uie  bright  and  dark  TMnd4,  eiaggeruted  by  the 
photograph,  being  almost  too  slight  to  aJIect  the  eye."  The 
guri)tifiijig  accuracy  of  the  delineatioofi  made  with  the  Koaee 
epeculum,  while  ite  hiunieh  contiaucd  unimpaired,  waa  thue 
once  more  exemplified.  It  conpoys  a  warning  agoinai  lightly 
setting  aside  any  of  the  earlier  reeorda  concerning  nebula; 
obtained  at  Paraonatown,  even  when  they  imply  heemingly 
improbable  changee.  It  is  certainly  by  no  accident  that  the 
Btariie  within  tUifi  nebula  coincide  in  direction  with  its  major 
axio ;  nor  oin  the  termination  of  the  transveree  axis  by  maxima, 

■  ifontMjf  Ntttiraa^  toL  xxuvi  p,  Gi^  -  Ibid.  vol.  xlviii-  p^  3ST. 

■  Pka.  Tmi^A.  Toi.  ciuiv,  rj»t4  xii.  fig.  af. 
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avaftt  ten  Ae  coocImmi  tlMi  tt  ■«  aa  eOipeatd  of  itrv^oh' 
Uon — thttt  tke  bndi  Ubv  the  Una  ot  tfae  eqttfttor,  a^ 
ahgjxM^  oadcT  lOiifitioM  yaifccd  iff  iht  ivtotMB  «f  tfaa 
body ;  wliik  ifae  ptftnl  u—i^faja  of  lamiiwiij  mg  the  «iidi 
of  tb9  owfti  tank  ootflovs  of  mtter  wfaoc  omtriJ^^ml  v«loritf 
(vrcrndn  Uw  bal£n^  pcFWtr  of  gmitj.  E^BTthing,  inind. 
lnd»  w  to  BCinw^  lint  ibn  netnk^  IAb  the  rest  of  tto 
iM  minaXfy  «  brilov  spbenid  of  tiunug  fvid,  tbc 
hrightw  nnltii^  from  the  inocued  Uudowtt  of  the 
fumiiKKR  nheQ  peEi«fsI«d  by  ihe  Tisnal  ny.  The  "boop" 
juid  UkK  *  ^oie  "  dnwD  luund  it  ue  tben  tm  ospeeb  of  Uie 
imnus  ihii^  Nebulom  lingfl,  as  ncfa,  prolMblj  do  doC  ^%isL 
They  vouid  Ik  rabject  to  peopectire  ttkcto,  no  taoes  nf 
vrbkh  nre  to  l>e  fotmd  in  the  b^veiis.  Armuluitj  to  nebtibe 
ttUf  ■ca^ordingly  b«  cAnnidered  an  a  puxeiy  optknl  moditicaljoa 
of  a  difft99at  etruuturol  plan. 

A  gHttenng  point  of  light  ocrnpieB  the  <«ntrv  of  the 
jiuuiiluH  iu  Ljm-  JtiiDj  aoooiAliea  me  cnoDected  iriLh  its 
mibUitj.  The  firut  heaM  of  it  ie  in  1800,  wttea  Von  llahn 
of  KempLin,  in  ^teckleubarg,  was  surprifed  by  itB  diaappcu- 
tnoe-'  He  attribut«<l  the  cTiunge,  not  to  loss  of  light 
In  the  r^trir  b"t  to  tbe  nebnIoUH  clouding-over  of  tbt 
bbick  IfttL-kgTound  upon  which  he  was  accaatonied  to  se«  it 
nUevM  rtiperccived  bj  the  Herschels,  it  wa«  uext  seen  by 
Lord  Kowec  in  184S*  and  attiHcted  Father  Secchi'a  atteotioQ 
at  Borne  in  1B5&*  A  ten-meh  Stelnheil  BufiQced,  in  IQn 
unt]  lft67,  K-yt^n  m  unftivuurahle  weather,  to  show  Hfthn's  star 
to  Henn^itin  Sdiuttz,^  yet  it  lumccountahly  eva<ieJ  the  de- 
lil>crut<j  Knitiny,  ten  yearn   later,  of  Profeasor  Annpti    Hull* 

■  ^atun,  nl  xtiH.  p.  <2A.  ■  Jgtr,  Ja^tMtch,  ISOS,  p.  100. 

'  yrOflfi.  Ihyiii  lAihlii  Sofittji.  tqL  II  p.  152, 

'  Aa(T.  Nach.  No.  lOlfl. 

*  JV0M  Afta  HtM-itlilift  llJfpmilirnaiM,  jter.  11L  vol  ii.  p.  W,  1S74. 
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arn^ed  though  bo  was  with  tlie  twecty-BLx-incti  Wat!hiDg;ti3D 
equatorial  The  same  infltrument,  however.  diei>lflj-ed  il*i 
evftsive  sparkle  to  Mr.  A.  C.  EanTard,  23rd  August  1^78;" 
while  to  Dr.  Vogel,  with  Ihe  Newall  teleBcope  ia  lfi75,  and 
the  Vieuua  twenty-seven-indi  in  1883,  it  remained  consietetilly 
impon^optible/  Vory  remuikablej  loo,  is  ite  noii-iippciLrance 
to  Dr-  Spitaler  at  Vietina  in  1885,  when  Jie  uarefuUy  de- 
liiieat&d  the  nebula,  as  well  hb  in  3886,  during  frequently 
repeated  verifying  obwervationfl/  The  interior  seemed  theji 
to  {y>ntiuji  Qidy  dimly  lujninoun  floccules;  nevurthelee^  on 
25tli  July  1887  the  otar  caught  his  eye  at  the  first  glance. 
It  had,  in  the  meantime,  l^t  September  1386»  been  photo- 
graphed by  Von  Gotbard,  and  has  Gince  abeUiitied  from 
cflpricioiia  disappenrances.  Tt  is  indeed  of  aucb  exoeptiooal 
aclinte  power  that  the  camera  cannot  oasily  lose  sight  of  it. 
Fainter  viRuulIy  than  the  tiftt^enlh  magnitude,  it  needdd 
only  an  expoKure  of  one  minute  to  come  out  distinctly 
on  ft  CroAsley  negative,  Jind  it  left  a  dim  impicsBion 
in  half  that  ttn^e/  With  all  exposures  the  image 
was  dearly  deQned,  although  in  photognLphs  taken  with 
other  inntnimentH  it  had  usually  fjreffented  n  hazy  diw.v  Ita 
light  appears  to  be  of  normal  stellar  quality.  Its  maxi- 
mum of  intensitv,  that  is  to  aay,  fall^  in  the  yellow  part  of 
the  spectrum.  Both  Kedi^r  -Atid  Barnard  a^^reod  that,  with 
the  Lick  and  YerkoB  refractors,  the  focu«  for  the  Htar  waa 
about  one-iifth  of  an  inoJi  shorter  than  for  the  encircling 
nebula.  And  a  Mnkikr  disparity  exinta  between  tlie  nuclei 
and  discs  of  most  pknetaries.  This,  howcTer,  leaves  their 
special  oh  emical  eHbctiveneHs  unexplained;  for  Keeler^s  sugges- 
tion of  its  being  due  to  ultra-violet  emiadons  ladffi  the 
support  of  known  facta. 

In  the  field  with  the  Lyra  nebida,  Barnard  perceived,  2nd 
October  1893,  a  second  of  about  the  fom-teentf)  magnitude. 
30"  in  diameter,  and  somewhat  irregular  in  ahape,^  rrofesaor 
Kecler's  longeat-eipoeed  negative  showed  the  new  object  to  be 
"  a  left-banded,  two-branchod  Hpiral" 

In  1S91  Mr.  Burnham  ineasuied  the  nucleus  of  the  ring 

■  Adr.  Jmnt.  Ko.SOO.  ■  Ptii^n  fidl  Ko.  14,  p,  U. 

■  jMr.  Nath.  li'o.  2500,  '  Adivph.  Jxmm.  vol.  i.  p.  1W. 
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m    Lyra  with  rtforeDce   U>  on  extcnia]   «iar  Ot  ihm 

DiBgQjtude  which  cicwelj  fbllowB  iIl  E%ht  j^ev 
ProfesAor  Bamaid  employed  ih&  forty-incb  Ycrkes 
t<i  repeat  bis  determine tlooa,'  and  vas  inclined  10 
A  Htjght  dirtCi^piUKry  u>  real  motion  in  the  oetmla. 
i]w  1'ntHdam  j^hIrs  leot  uo  con^rmAtioa  *  Ui  1 
wLiich  will  probably  reDiain  long  iinverifietL  His 
Wu  antirely  ne^^tive  as  regards  li^hl^vaiiabilitv  in  anj  |«it 
of  Ihi!  objoct  Alleged  clijuigcfl  in  the  i}tcli&r  ketnAl  he  Uufr- 
IaIhchI  into  t^cnuin^  changes  in  vimial  faciliti€&  "  Tlw 
b(j  wroli^i  "  that  the  nucleus  ir  seen  on  a  n^ViUotifi 
miike«  flTAadinew  of  the  iLtmo^ipb^re  a  Tnouc  tnipartKnt 
i;i  iUi  (lii^tiijeLDtvta — ikr  mote  au  than  in  the  vmo^ 
ordinary  star  in  the  open  sky.  When  the  weing  ia  ejxe^lwa- 
iiljy  i^'ih],  the  oucleufi  appears  with  a  diatinctDaoft  BtrUdnglf 
in  ctnitruet  with  tts  ordmary  coiLditioo,  00  maoh  «o  that  om 
hiu  to  gujhnl  ^i;ajiiat  dec^UoQ  in  supposing  m  r««l  cbuige  <£ 
light- 
Nine  bright  Linen  have  been  so&a  or  photographed  ja  tte 
apectrutn  of  the  Lyra  onnulus^  that  of  short^^t  w^ve-ki^Ui 
at  \  .1727  being,  ikccording  to  Von  Gothard,  the  moat  intcQat.' 
Ifytlrof^n  whines  feebly;  no  C  has  bean  reeorvltid,  hut  th« 
Hydberg  ruy  at  X  4638  was  detected  by  Campbell.'  Hedinm 
is  unn^preHented  ;  9.\nQf.  a  violet  liEie  at  X  3S6d,  which  sppevi 
pmmiuontly  aud  peraiaLeutly  in  nebular  apectm,  CAnnot  !• 
aHcTibed  to  that  substance.  It  changes,  indeed,  to  coincide 
^pproKJiuftl^^ly  with  one  belonging  to  a  known  aories,  bat  il 
ilt^cU"  of  "  mro  and  Btran^  "  origin. 

Several  analogues  of  the  Lyra  nebula  huvs  been  diauovoMd ; 
none  HO  lar^  or  ao  bright-  The  l^^xt  imitalion  is  situated  in 
CjguuH  (N.fJ.O.  6394).  It  meafiureB  47"  by  41",  the  icin^r 
vacuity  20",  and  vroa  marked  "reeolvable"  at  r^iiBonatown.' 
Noedleefl  to  Buy  that  Ihe  sparkling  effect  which  convoyed  the 
imprecision  of  a  Stella  conatitutiou  was  al&jgether  itlusoiy* 
A  Hft4Wntii -mngnitude  star  ui*ar  the  ioti^rLor  hordef  of  tbt 
ring  to  the  north-^eut  was  meoHUied  by  Buruham  in  139L* 

*  MaUM^Xotiea,  ¥d.  b-  p.  ?4fl.  "  JbU.  p,  aflT. 

'  Aitr.  mtd  ^^n^phftHifH,  vol.  icii.  pp.  i%  5fi- 

*  IHd.  vol.  xHi  p,  4«7.  '  Tra'fij,.  Jtityal  IhihliH  J/oevi^  tot,  iL  p.  Iftl 

"  MiftUktif  .\'Miaa,  10],  lii,  p,  14. 
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The  true  nuckue  ia  considerahJy  fainter  Tmt  broughD  to 
view  in  a.  pUotograph  laksa  by  Dr.  Roberw  3  Lat  Aagust  ]  897,* 
it  duly  reti|)pe&red  io  one  of  the  Cicaelej  pictures  of  1899,^ 
and  woa  vibuoUy  ditk^med  witt  the  gre^Lt  Ttaia  aidarosbab  by 
M,  Antoniadi.  17lh  July  1900.^  The  elongation  of  the 
onnuJue  Irom  north -caet  to  aouth-weat  was  obvious  to 
him  no  lei^s  than  the  faint  haze  with  which  it  is  tilled. 
NotLing  id  known  about  tbe  apet^truni  of  the  ring  nebula 
in  CyguuB.  \i  doubtlesis  resciublca  that  of  it^  prototype  in 
Lyra. 

Evett  more  scanty  is  the  informatiou  ut  hand  tegurding 
"n  boaiitiful  delicate  ring"  in  Sccrpic,  about  40"  iu  diamotet 
(N-GC  6337).  Il  is  in  a  field  crowded  with  gur»»  two  of 
which  are  projected  upou.  hut  [[lay  nut  belau^  to  it  Neitlier 
Qccuptea  the  proixii  position  *>f  a.  imtJeus,  and  the  one  seen 
by  LasseU  at  Maltii  liad  to  him  m^mcwbab  LIjo  jtspect  uf  a 
nebulous  knot.* 

An  aiinulaj"  nebula  in  Ophiuchus  (N.G.C.  6369)  waa  founiL 
by  Mr.  Burahani  "  very  like  the  well-kaowa  example  in  Lyra, 
except  in  briglitnees."  ^  A  central  tftar  of  14'o  magnitude 
WA3  probably  then  Srat  aoticed.  The  longt^L  diameter  of  the 
ring  measurea  31":  the  edges  seemed  to  Sir  John  Herschel 
"a  very  little  iXittoLy,"  *^  and  they  otg  doubtless  fringed  with 
dim  uppeodageB.  like  those  attached  to  \t^  model  in  Lyra. 
This  ie  again  t^pied  m  an  objeot  discovered  by  Mr,  Gale  of 
New  Soutih  Wales  jji  1397,  or  perh&ps  a  little  earlier.  It 
is  hrlgbt  enough  to  make  Jts  late  detection  aoniewhat  em:- 
prising.^ 

Immersed  in  a  tnd  duster  in  Argo  (Messier  46),  a  nebula 
of  planetary  aspect,  about  60"  ia  diameter  (K.G.O.  2438), 
drew  the  attentpicn  of  Sir  Willium  Herschel,  The  Koese 
reflector  showed  a  central  star  domiuating  a  vacuous  interior, 
beeideH  two  stars  sparkling  on  the  condensed  border.^  Laasell 
perceiveLl  in  tbc  object  a  resemhlanc^  to  a  lai'ge,  dim,  com- 
pound   plaoetary  in   Eridanus  (N.G.C.  1535),  but  with    th^ 

'  Oiiatiai  PhoUjffrayJu,  roL  ii  p.  ISi 

*  J/fmcir'  Heynl  ^>lr.  ^'m-wEy,  vol.  virvi-  \t.  Al. 
*  Atotiklg  J^ai^,  yol  Ui.  p.  36.  ■  (Mpt  Rrn^tt^,  ^  lU. 

•*  PkU.  Triiiit.  Villi,  cxl.  p,  GU',  dl  y.  710. 
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qtUiliFyiDg    cireutiigta,noe     that     in     N.&C.    2438    onljr    one 

*'  BtPiitLun  of  nebuloaity  "  wan  diHcernible.'  This  aingleness  of 
c^DT1st^U[:LlD!1  appears  i^linTactorintJc  of  perfected  nebnJar  nopv, 
and  fiiich  the  bmate  of  the  cluster  in  Argo  baa  declared  ttedf 
to  be.  In  a  pbotogT&pli  taken  by  T)r  Roberta,  24th  Februarj 
1694,^  it  ia  detinitelj  and  unmistakably  annniar,  Tbtrc 
sttiFB  Jire  projected  upon,  or  contaiiied  withm  it,  we  canoot 
LeW  which  ;  olthougb  one  by  ita  nuulcAr  j>06itioii  ^ives  aomtf 
^ssurani*  of  being  there  tltrougb  orgaDi<j  relatianship.  Nor 
can  we  veotnre  to  aawJrL  that  tht;  nebula  is  really  in  the 
cluster.  It  may  only  hv  thrown  accidentally  into  line  with 
it  Still  the  fact  that  Sir  John  HoTBChel  recorded  in  two 
oaaaa  Bimilar  collocatioDB  of  planetary  nebuJs  with  clustered 
ntjLrH^  inclineH  tht  balantse  of  pmbabllity  towards  the  side  of 
yenuinft  Huaociation,  Out  nf  these  groups  (N.O.C.  597^)  is 
situated  in  the  constellation  Girciniie>  tbc  other  (N.G.O.  2813) 
near  the  mast  of  Argo, 

Certain  complex  tbrmatioDH,  intermediate  between  plane- 
tary and  annular  nebulie,  have  now  to  be  considered  A 
tftriking  Hpecimen  of  the  kind  is  met  with  in  Andromeda 
(N/t.C.  7062)  The  disc,  which  imluiitis  perhapa  more  than 
one  ring,  meaBurcB  ^2"  by  28".  AIe?taiider,  about  the  middle 
of  lost  century,  and  Lossell  aulisequcntly,  thought  the  Btroc- 
ture  bi-JiTjnuliit-  Vogel '  and  Holdoti  remarked  ita  warped 
and  twisted  appearance,  denoting  possibly  a  multiple  com- 
bination of  ringfl  tlirown  off  in  various  planer  ad  the  outcome 
fif  long-past  (^^i{^w*  in  a  slow  pnxieHs  of  development.  A 
central  star  Kurronuded  by  dose  spirals  of  nebulosity  wiA 
Boen  at  Paraonatowii,*  but  evaded  the  Bcrutiny  of  O.  Stnive  in 
1847,  of  Searle  in  1866,  and  of  Vo^l  in  1883.  IfiBeeU  per- 
ceived it  under  the  gtiise  of  u  minute,  bluJBL  disc,  Biirnhaiu  as  an 
ordinary  fiftee^ith-magnitude  star,"  Fig.  4  in  Plate  XX  HI.  re- 
produces  Professer  Keeler'e  drawing  of  the  Andromeda  planetary 
with  itfl  visual  Bpectmm.''    "This  nebula  "  he  wrote,  "  ia  aanuior. 


^  Sftvtoira  Hmfal  Antr.  Siviei}/,  7d1.  ivftL  p-  40. 
'  fjftafinl  Ffiat^npki.  Tnir  11-  p.  36. 
*  VapeftoHltt,  p,  SO,  pUtfi  'L  ^n-  7-  *  F^ttdavx  Pvbl.  Ka.  U,  p. 

■  Fkil  Trcns.  vol.  cM.  [.lain  xai,  Gg.  iC. 

■    J/oft^4fjf  A'crfipa,  vol  111.  p.  40, 
^  /VbJ.  Liek  ObMrvatory.  vuL  iti  p.  2\&. 
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with  a  bright  inner  ring  and  a  very  mnall  cucleus.  It  is  *oiue- 
what  elongated  north  and  south,"  The  fourth  line  in  the 
Bpectmm  is  tho  "  f undamontjJ  "  of  Hydberg's  hydrogen  aeriee; 
its  unUEUiLl  stieDgth  makes  il  the  eqnal  of  thi?  ordinary 
hydrogen  lines  on  either  aide  of  it.  The  Bpectrum  of  thf 
nncleua  appears  to  be  perfectly  coDtinuouB,  save  for  a  poHiihlr 
bright  knot  about  the  plate  of  rJ^.  CampVjell,  however,  c/iu^ht 
no  glimpse  of  this  radlationn  although  he  determined,  vieuully 
and  photographically,  ci^ht<3en  bright  lines  in  the  8pe<.-trunt 
of  the  n^bula.^  We  Bubjoin  his  list,  with  uoieB  and  com- 
ments  between  broeketa 

BuaBT  Lines  BEooRDsn  m  KdO^  T60i. 


«iT«-lnfth- 

BmibmAm. 

filO 

Varf  TainE,  difficult  (Woir.KAyet  lih*;  Pii-kDriDg  MriMj. 

fi32 

Vary  /»int,  dJrtimih  (p'lBiMr  the  ehramosplierlr  lim*  K  147^), 

6007 

First  imbulAT  lino,  very  liri^'lit 

19fi» 

Soc'^iLil  nubnlar  lln*,  rcry  InigUt 

4S«1 

H^,  Tcry  l>i-i>;ht. 

4744 

K&iut  {aiipn  imknoWD}- 

471 K 

Famt  (unliiinwD), 

4aAa 

4903 

Veiy  hriglil  tKyJl>arg  hydrogen  linp|. 
Vorj  fimt  (uDkDOWDl. 

4S4» 

Very  fiicil  (iNoliiini ;  proininfliit  in  Orion  sUn). 

4473 

18  Si 

Urij^ltt  {ubkucwn]. 

4:i4i 

H">,  **fy  hrigliL 

4102 

HA,  T«iy  bright. 

4oar 

Very  r*ict  (uuk&wwu). 

4020 

Very  fkict  (lidium)- 

3L'dg 

H<,  vry  bright. 

StlSO 

Vuty  bright  (iinknawnj. 

The  brilliancy  of  the  last  line,  in  view  of  the  HuDtneaA  und 
fewness  of  other  heliaui  emanationa,  confirms  the  iofeivnce 
that  its  aanociation  with  tbal  substance  is  inadmissible^  Kx- 
perimentfl  in  the  laboratory  would  novertholoss  be  valuable 
on  the  behaviour,  for  instance,  of  the  adjacent  violet  line  of 
heliuiT]  in  a  mixture  of  that  gas  with  hydrogen. 

Campbell  perceived  this  nebula  to  consint  '*of  two  nwirly 
concentric  rings  niort  or  leas  broken  up,  with  a  fourteenth- 
magnitnde  stellar  nuclear  near  its  centre."      Ingall    deecrtlied 

■  Aalr.  attd  Jatr^jffier,  ntl  xiii.  p.  4W. 
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iflk  Ab  «mn  M&  q«iB  dnk.  «d  ibM  i4r  IB 
be  oOed  «ioakc.  0«  «pfl]ng  ft  paw  «f  MO*  "fta  «ata- 
«diMfj  iCncCaw  «pp«Hed  to  nmiolil  italL  Tbebvi^htais 
■eemad  vfiTMgedsnl  biipd  M  Um  cdpiL  aim!  tbe  <Btii 
«M  mottM  vftb  mw<|im1  rtiaJw,  oAm  am  it  ni  tmm  dnk 
The  note:  tm^  on  ii  ai  Bwv^  Oolkge  w: 
"■SflOkewlut  uunlcr;  e<^»  harf  .**  Tfao  U^  qoIcmt  of  tfee 
ol^eci  CulUttllj  cofn^oBcb  hi  l^  actiue  cawfgj  «f 
itB  nj«  In  tvo  sBCoodfl  of  expovaic  to  Umq  tbm 
nflactor  gave  •  wevk  noftge,  inclnriiTrg  m  bonlj  vWlkle 
Mar,'  and  Profenor  Keeler  obtaiiwd  *»***^  pictores  in 
30,  and  fiO  BcatHl&  At  Pdtedam.  in  18d2-9V  tbir^-thm 
iiapien«JQtje  were  t&keo  for  tbe  porpooe  of  panllax-<]ei«nmBa-, 
ticroa,  bvt  tli^  yielded  no  postiTe  raaolL  Ther 
only  the  tttfoRBafcioii  Uiat  tbo  Ddbola  oonld  not 
manual  parallax  ao  large  aft  oo^fifth  of  a  »ecotKl ;  and. 
the  tme  rnJue  of  the  qtiBJiLjt}^,  judgmg  from  other 
birjns,  maj  very  vreU  ^Jl  abott  of  one-lenth  tbe 
masiiDiiiiL 

A  "aky-blue  likeneee  of  Satum"  in  Aqoariua  (X.G.C 
7009)  ia  built  very  mach  on  the  Imea  of  the  ADdromedft 
pJjLuetary,  but  with  the  addition  of  "  aniue."  These,  m  Angmt 
iKfifl,  wvr^  reaolved  by  Holden  jtnd  Sehaeberle,  with 
lit  tiiF:  Liuk  rtrfiactot,  iuto  a  pair  of  attendant  nebul< 
iitn4kted  10  line  with  the  major  axis  of  a  stronglj  elliptiral  bodr, 
and  Bubncnuibly  onit^  to  it  by  evaadre  gleams  of  iUoini- 
nation.^  Yet  the  likelihood  is  bdihU  of  their  being  reaUy 
aatallite-globea  revolving  in  the  tmtae  track  at  an  iovariabW 
iiiUrrvjil  of  two  right  a]\g]e&  The  prDbtibjlities  of  thd 
olfllt;^  liB  to  believe  rather  that  tbe  onginal  interprctati 
tiK'ru  118  the  extremiticA  of  au  nnnular  appenda^  c&me  nearer 
tlii^  truth.  An  antilogy  indeed  suggeatB  itself  betwc^en  them 
and  the  uebiUoUB  efftisiona  from  iho  vertices  of  the  nng  fonna- 
tioa   in    Lyra."       And   here   ugain   w«   are  assured   that   they 


*  Sofffi^  Ma^imie,  vol.  ilii.  p.  311. 

*J^i!il.   fttri/ir  Stritt^,  Ko,  30,  p.  "-^0^  18W. 
*  >ifthFHiflr,  AUr.  .VrtcA.  No.  108*  ;   Willing,  i>nd.  No.  3a«l. 


mark  o,n  equator — that  the  disc  they  flecm  atUched  to  muat 
be  the  projection  of  a  rotating  spheroid  iDtricacies  of 
interifir  fln-flngRment  kre,  howfv^r,  viniHe,  Rhowing  the  pro- 
grewfi  of  roanifi»ld  uctiyities.  Two  dark  utvities,  ejcteaded 
parallel  bo  the  major  axis,  and  helical  wiflps  of  iifihulosity, 
were  obaerred  by  Vogel  nt  VicnDa  in  18P3.^  Keelor  euw  and 
photographed  a  Bumewlmt  distorted  couden^sed  riog  laousuritt^ 
36"  by  16",'  and  Scheiner'a  pUtes  retoriied  curious  apoke-like 
projections  fi'cu)  an  intpna^ly  aj^tinic  centrKl  star.'  The 
flpecitrLira  difiera  from  that  of  the  Aiidruiutdit  plaiietarj  imlj 
by  the  iiidu-'tioii  of  the  euigmatic  "  laat  line"  at  X  37*27. 
From  the  diaplflceinent  of  the  groen  ray  of  nebulium  Kouler 
determined  for  the  Saturn  oehula  a  luovemeut  of  appntaoh 
towards  the  aim  at  the  Tat«  of  thirty^ne  milea  a  second^  ouljr 
a  wmall  proportion  of  whit^h  (lan  be  due  to  our  own  journey 
lUrough  apai^e. 

Sir  William  Hersclitl  obHcrved  in  the  countellation  Oeinini 
in  1787  *'  a  star  of  the  ninth  mfigcitude,  with  a  protty  bright 
nebulosity  equallj'  difipereeii  all  arouud"  (N.G.C.  2392).  Lord 
lioSBe  found  in  it  a  dark  hole  close  to  a  slightly  eccentric 
iiucleun/  D'Arrest  thought  the  object  might.  Ih?  called 
!4imukr ;  ^  Laasell  perceived  a  liiig  eurrounding  a  bluiah  diac  ,'^ 
Secchi  described  it  an  a  star  with  an  annular  aureola.^  H.  C 
Key,  uaing  an  eighteen -inch  ailver-on-glaaa  refleclor,  noticed 
about  1 86S  ''  a  ecncatenatioa  of  bright  and  dark  rings  heaidea 
the  patch  of  interior  obscurity  detected  at  FarBonfltown.  To 
Burnliaiii  the  nebula  in  Gemini  appeared  "  one  of  the  moat 
beautiful  objects  of  the  kind  in  the  heaveiia.""  He  assigned  to 
it  a  diameter  of  45/'  Barnard,  finally,  waa  imprcsaed  by  its 
"maguiticent  and  beautiful "  etfecC  iu  the  Yerkee  telescope,^'* 
It  diacloafld  to  him  a  ninth-magnitude  alar  encircled  cot  quite 
Hym metrically  by  a  brightish  ovnl  ring,  partially  incomplete 
towards  the  south.  ^'This  ring,"  he  continued,  "which  is  well 
defined  iuaide  and  out,  is  auiroundcd  by  a  vaouit/.  and  this  in 

'  f'a/MriafU  Pvhi.  N«.  14,  p.  3H- 
*PvhL  LUk  OiitrnuUafy,  raUiii.  ^.  913 ;  AMrvjih-  /mrm.  toL  r.  p.  1D£. 

^Atif.  ^ftch.  No.  aoen,  *  pmi.  rmw.  vol.  cii,  j-.  eu,  fig,  ib, 

^AbhanJL  Ixtjnuj^r  Abul^  Bd-  iil  p.  3'Jl  \  Jwtr.  A'atA- Ko.  tSaft. 

■  MiTtioiri  Royal  AsCt.  Sotifiv.  ''vl.  Mxiil  ]>,  01, 

'  Lfii  Stoilit,  L  ii-  p.  Iti.  "  Mimthry  ArtfirKft,  ml  IXXiiL  p.  IS4. 

"  Ibid.  ¥fl1.  ill.  p.  8S-  "  JhiJ.  rot-  li.  p,  266, 
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I7  mm^^mk  laicular  brrwd  ring  of  light  lesB  intense  thu 
tht  inns  ling^uii  witb  a  lii^nct  break  ig  it  north -pn^caik^ 
It  ^mId  np  into  a  cio^ded  or  (weqoal  surface,  and  is  tctt 
aTopthr  oa  Ub  inner  a^e,  bat  hirly  uoifomily  circular  oa  jIj 
oiLtnde  edge.  Tbe  inna  ring  is  Bhed  with  a  nebolotu  li^i 
vfaicb  baa  a  Uack  «pot  in  it,  wmtb-prtceding  the  nnclna.' 

That  the  perloFited  tikct  is  dd  illuiiioit  may  l>e  takan  a 
{jroTtd.  Kcr  ifl  11  sabject  to  change.  It  has  obtnuk^d  iUdf 
DOW  for  half  a  oentorj  npcoi  one  obeerver  s^fier  EUiotbei,  mW 
divera  conditioos,  both  inatnuneatal  and  climntia  Thia  mktk 
tboB,  and  a  few  others  like  it.  betray  the  actinn  of  SOOM  Im 
Arange  to  our  exp^^nee,  by  vbich  the  iDatter  contai&ed  kSiM 
eiteneive  r^ion  is  either  expelled  theni.'e,  or  its  Ugbt-|^Tii^ 
faculLj  &u|)prcssed 

The  aaQiUai  neboU  in  Lyra  is  tbc  culj  member  of  Um 
that  boa  been  wtisfa^^tcrily  investigattd.  rntil  sped 
possibilitiea  are  farther  developed  there  aeems  litUe  chttlW  bT 
diasipating  the  perplexities  ibjil  still  euvelnp  its  nature.  Tiai 
U,  bj  direct  means  ^  for  indirectly  much  may  1>e  done.  Oott- 
pttriAons,  for  iDfltiuice,  of  detailed  results  foreistcr-objouLao^lil 
to  prove  highly  instructive  as  to  the  lavre  govemin^  the  OM 
fftractioD  of  all  aJike,  Most  of  th&m  hava  been  nin^ulorlt 
Tjejjlected,  cooBidtring  the  interest  ati^^hiog  to  their  pevolw- 
ti(tf,  Tlie  hoopud  nebula  in  Cyymis,  the  "  ghost  ''  in  SeOipi 
Gale's  onnalus,  the  ring  in  Opbiuchiu,  should  be  photogn^M 
with  long  exposures,  on  a  scale  sufficiently  large  to  bring  int' 
view  epouialticH  of  texture  and  build.  Their  agreement  ic 
certain  fuii'lanieiital  relations  would  thus  be  tested^  ftt^d  itt 
importance  as  a  <ruide  tc  theories  of  their  mode  of  origin  canofll 
\iii  overrated.  Tb«ir  self-ilcHu&Ltion  would,  however,  doubtto 
acf^utuute  besides  that  variety  in  situilurity  which,  thiDugliaat 
the  whole  created  world,  iUustrated  the  wealth  of  the  i^wi 
dittpoded  of  by  Nature,  and  the  mexhauatible  inventive 
tile  BJind  revealed  in  Natnra 


Phutafp'jiph  of  111?  Orion  KkWIa  ^W.  H,  Piukariiiic) 
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The  firet  place  nmorg  irre^^ulut  nehulic  is,  hy  universal 
cunaeutr  acccriled  to  the  gleumiug  roniiiitian  in  the  Sword 
Laudle  of  Orion.  Although  incidexitallj  referred  to  hy 
Oysatus  of  Laceriie  in  1618,  it  received  little  attention  uQbil 
HuygenSt  m  1656,  aDixod  his  note  of  admiration,  and  executed 
3  drawing  of  the  bright  central  part,  ^tiU  known  ae  the 
"  Haygenian  region,"  Here  la  situated  the  trapezium,  the  hub, 
as  it  might  he  ealletl,  in  whtcli  all  the  apokeH  of  tlie  gnmt  wheel 
are  inaerted.  A  photograph  of  the  group  is  reproduced  in  Plate 
XXIV.  Fig,  2.  It  was  tjiken  hy  Profeasor  W.  H.  Pickering 
From  Mount  Wilaou,  Ciilifomia,  29th  Septomher  li^SU,  with 
the  tbirteen-inch  Bojden  telescope.  The  expoaura  allowed 
was  ooly  ten  minutes,  and  already  the  enveloping  haze  waa 
beginning  to  tloud  the  images  of  tlie  stellar  sextetL  TIih  i,"<Jm- 
paniona  (which  eeero  to  vary  in  light  ^)  of  the  two  brighter 
stars  are  diatinct  in  the  original  negative,  and  t^an  be  made  out 
ID  the  figure,  one  aa  a  tiny  blotth,  the  othor  as  a  meri?  deforma- 
tion of  the  lowest  and  largest  diBC  The  physical  asaociation  of 
these  fiix  Btars  may  t>e  aBsmned  without  mnt^h  rifik  of  error:  but 
there  ih  nothing  to  fthow  that  any  real  tie  eiiat*  between  tliem 
and  four  adjacent  atar-points,  at  the  limit  of  vision  with  the 
Lick  tiiirty-Bix-inoh.  detected  bj  Barnard  and  Alvan  Clark  in 
1889. 

The  nebuk,  aa  it  developed  on  a  pbte  exposed,  under  the 
same  iiircmnaLaiii^es,  during  2**  36",  is  shown  in  Plate  XXVI. 
The  stars  of  the  trapeziLim  are  here  completely  submerged  ; 
only    their    infloence    can    be    traced,    or    suspected,    io    the 

J  CoBUt  9(%  Aflr.  ^^aeK  FJo.  STfiL 
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symmetrical  airmvgemeiiL    of  the    explosive    win^    of   liglil 
BtrBlcbiag  awu^  from  their  place.       These   are    bj   no    m«aa 
yagUB  or  indf^fiijiu?  oliLHowa.      Sdicu  of  the  Icng  rHtn^Hiti^rn  hkW 
olmrp  inner  eJ^es,  peculiarly  curvcnl  and  cotcbtd.      Ami  thfl 
texture  is  generally  tiiainentous,  likt;  that  of  aolar  promiDeDC€i( 
tbo  thEtrauteristiti  tbniis  of  which — as  Mt.  EaoyarJ   o^octiTely 
pointed  outwore  faithfully    imitnted  in  some  of  the  mino 
features    of   the    nehula.      An  oullyiog    mass    to    the  Dord 
(N.O.O.    1977)    iiLit   only  claima  affinity  hy  eome  degc^^fl 
fitnictural  rewmbUace,  but  is  seen*  on  i'rofcssor   Pickfl^m 
plate,  to  bs  lickod  on  to  it  by  a  faint  intemiMiato   extenajoi 
The  gap  between  them  h  abfiolulely  black  to  telescopic  vistofk 
Improvements  and  Diodtficntioii!^  in  pfioUjgmphio  nidthot 
have  led,  by  aucceaaive  ste[H,  to  a  remjirkable  iaoreaee  in  tli 
compass  aseignable  to  this  extraordinary  formation.     Portnil 
lanaea  have  played  a  leading  part  in  the  procesa.      ProfiMea 
Wadeworth'e  reasoumgs'  have  made  it  clear  that  Bnuil]  apcr 
turee,  owing  to  the  greater  contrast  afforded  by  them  with  th 
Bub -sensible  illnminalion  of  the  aky,  Eire  ponitively  advautagooa 
fur  obtaining  iiMpi^BsinuH  of  faint,  extended   objecta.       The 
have  the  furtrher  prerogative  of  a  wide  field  of  view,  ^ti 
room  for  the  grasp  and  delineation  of  large  contours;  ao 
in  certain   branches  of  celestial  portmiture,  they    render 
diapensable  and  invuluiible  servicoa    By  their  aid  the  nebnloi 
atars  i  and  c  Ononis  were  proved  to  \m  ditnlyconnectwi  with  th 
trapi-ziurn  uebubi ;  a  sharjjiy  iiulented  streamer  betxime  apparAn 
issuing  towards  it  from  the  belt  star,  t  Orionia,  long  reeognt 
ofl  a  separate  focus  of  nebuloiaity ;   while  Max  Wolf  dori 
evidence  of  a  luminous  union  between  the  nebulas  surrouodifl 
f  and  £  Oticnitk'     Finally,  the  combined  pictnre.  shown  in  f  b 
XXYIL,  of  &]l  the  nebulous  j^mtcbes  in  the  conatellation  «i 
obtained  by   W.   K    rickeriuy,    I4t-h    January    1890.'       Th 
inabrumeut  employed  was  a  Voigtlander  lens,  2'6    iuohcw 
apcTture,  and  of  8'6  inches  focal  length ;  the  time  of  expoauni 
6''  22'".     As  the  upshot,  the  fragmentary  condensatio&a  pr^ 
vionaly  known  beuime   united  into  a   vast  spiral   formation, 
15°  across.      Starting  from    near  Bellatrix  (which    lies   out- 
side the  field),  it  sweeps  round  by  k  OrioniB  and  Rigel  to  tho 


'  JCnawltdge,  vol.  di.  p.  117, 
'  AstT.  yaeh.  No,  3027. 


*  Ibid.  TcllX-p.  IW. 

'  ffarytmi  Annait,  voL  hkIL  p.  00. 
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south,  then  bends  upward  to  t?  Orionis,  and  most  probably 
elfecta  a  junctioD  with  the  nuclejw  maas  in  bbe  Sword  handle, 
although  the  further  course  of  the  etroam  ia  rendered  iudistinct 
by  the  logging  of  Lhe  plate.  Alter  an  interval  of  nearly  five 
yeor^,  Professor  Bamiird  indepeudeutly  repealed  and  cuutirmed 
the  MouLt  WilwD  ex^ienuient^^  Hin  uniall  "lantuni  lens" 
showed*  vrith  expoaiUBs  of  2"  and  1"  15°',  "an  enormous 
curved  nebuloaity  encircling  the  belt  and  the  gi^at  nebulih,  and 
coverinjf  a  largo  portion  of  the  body  of  the  gmnt."  In  com- 
parison with  it,  he  remarked,  the  old  trape^dtun  nebula  "  ia  bat 
a  pygmy."  The  aBtouiaLimg  extension  giveu  to  the  luuiinoua 
structure  in  Orion  waw.  however,  of  lesH  ini^iortance  than  the 
diacloQure  of  ita  architectonic  plan.  Nor  can  it  be  supposed 
that  we  are,  even  now,  fuLy  acquainted  with  it.  Farther 
devolopmontfl  may  be  looked  for.  The  nebulous  foonectioDS 
of  t}ie  various  parte  will  doubtless  be  more  clearly  expounded 
iu  future  photographs,  Poaaibly  an  efiective  delineation  miglit 
be  pbtiiiried  in  nectioiiH  wilh  iustrruiueiitH,  like  the  Crosaley  or 
the  Meudon  reSectoi,  too  restricted  in  angular  grasp  C^  embrace 
the  whole  at  one  view.  The  study  of  details  would  thus  be 
ma<le  feasible,  their  subordination  to  the  geneval  design  being 
at  the  same  time  kepi  well  iu  eight  The  relations  of  the 
members  to  the  main  body  of  this  nebula  offer  a  problem  of 
estreme  QjmpleKJty.  Tt^e  utrirs  uf  the  trapezium,  for  instsncet 
have  an  appreciable  proper  motion  of  about  5"  a  century. 
The  nebulone  plumage  attached  to  them  must  evidently  partake 
in  their  displacement ;  but  this  cannot  be  unheeitatin^ly 
asserted  of  the  appendages  to  the  belt  stars,  still  leas  of  the 
ocean-river  of  nebulosity  Howing  outside  them.  Professor 
W.  H>  Pickering  diacuased  tlie  moveroents  of  nineteen  stars 
involved  in  the  spiral,  though  not  of  ccurae  neccBsarily  con- 
nected with  it.'  And  so  far  an  any  common  character  could 
be  ascribed  to  them,  it  was  that  of  recesaion  from  the  trapezium. 
It  would  be  ridiculous  to  found  any  concliisicn  upon  so  Dinifiy 
a  basis ;  yet  tlie  indiuatiou  liannonise»  with  hintn,  or  nascent 
symptoms  of  a  centrifugal  tendency  among  clnotered  stars 
such  aa  tbe  rieiadce.  The  determination  and  comparison  of 
their  radial  movements  will  1»«  the  best  means  of  promoting 
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knowledge  nn  the  subject ;  and  since  Pickeria^s  cineteen 
stars  are  M,  except  one,  brighter  than  6'2  mugnitude,  their 
Bpectroacopio  meaa^irement  should  present  do  difficiiltj^. 

Meanwhile  the  original  "  Fish-mouth  "  ncbuU  rai^ea.  erea 
when  treated  apart,  questioaa  of  extreme  intricucT',  Seventy 
of  the  Et^rs  ecatt^red  through  it  were  photograph ically  deter- 
mined by  Sehyiner,  and  compared  in  1898^  with  Gould's 
einiilarly  deduced  pUces  for  them.  The  close  Hgreament  of 
the  reeulta  showed  them  to  have  remained  sensibly  stationaTy 
during  about  a  aoore  of  years,  not  sh&ring  the  drift  of  the  central 
group.  They  must  accordingly  become,  iu  ooureo  of  time, 
detached  from  it,  and  from  the  encircling  nebula.  They  con- 
Btitute  tlien  no  phyHical  part  of  the  structure,  but  are  scattered 
casually  over  Its  eurfaut.  The  trapezium -stars,  on  the  contrary, 
are  really  embedded  in  the  nebuliu  And  the  grounds  for  this 
Boaertion  are  two-fold.  Visual  logic  by  itself  certifies  its  truth. 
Tbd  wings  of  a  bird  do  not  start  more  definitely  from  the  breast- 
bone than  the  nebulous  plumes  from  the  stellar  group  at  their 
bs^e.  The  relation  is  empbaslfied  ljy  ihe  circunistanoe  that 
two  of  its  members  serve  oa  the  abutments  of  a  lumluouB  arch, 
phobographed  at  Potsdam,^  which  spans  the  interval  between 
them.  A  airaiiir  nebuloua  bridge  was  remarked  by  IJr.  Scheiner 
to  connect  two  other  stars  in  the  outskirte  of  the  formation. 
Then,  as  we  have  already  aeon,  the  spectrum  of  $  Orionia 
preeeutfi  paculiarities  indicative  of  a  close  affinity  with  the 
nebulous  masses  around,  and  indeed  suggests,  albeit  doubtfully. 
an  actual  commingling  of  luminous  sut>stance-  It  follows  Lbnt 
the  nebula  sbarcB  the  pro[>er  motion  of  the  atars,  the  sniiklJ 
B&cular  valtie  of  which  (5"),  at  the  probably  vast  distance  of  the 
involved  objects,  oorreapondH  to  a  very  eonaiderable  real  velocity. 
Admitting  for  a  momeiit  the  correctneea  of  ProfeHsor  Picker- 
ing's estimate  of  one  thousand  years  for  the  duratiom  of  the 
lightr-jouraey  from  the  Orion  nebula  hither,'  we  should  have 
to  ascribe  to  the  trapezium  and  its  belongings  a  lateral  speed 
of  forty-nine  miles  a  second,  the  greater  part  of  which  would 
be  inherent,  ainua  its  direetion  pi-ecluiie*  the  supposition  that 
it  is  a  perspective  effect  of  the  solar  journey.     The  receding 
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mdial  motion  of  elereu  miles  per  second,  determined  for  tLe 
QobiiLa  by  Kccler,  aeema,  on  the  other  hand,  to  helong  almost 
entirely  to  the  buDh  Yet  the  liiie-di£p]ac«iiienta  by  which  it  ts 
indicated  tutj.  in  some  degree,  from  tmel  to  Lrsict  of  the  forma- 
tion. Recent  spectrograph ic  menenrea  executed  at  Fotadam  ^ 
imply  the  progresa  of  iaterstitial  movementH,  the  nature  and 
laws  of  which  it  will  be  of  the  highest  intereat  to  ascertain. 

Thirty  bright  lines,  from  X  6007  iip  to  the  seventeenth 
member  of  the  hydrojj;en  fieriee,  have  been  photogrttphed  in 
the  speotrum  of  the  Orion  nebula,  hesidea  the  battlitig  groups 
faintly  appan^nt  on  tbe  Tnlae  Hill  plate  of  1883.  The  yellow 
Iwdium  ray  (Bj),  vifiually  detected  by  Dr.  Copeland  in  1BS6, 
hufl  at  least  three  more  refrangible  aeaociates ;  but  several  lines 
met  with  in  pknetary  nebuko  are  miasing.  nctablj  those  diB- 
tinetive  of  the  Wolf-Eayot  class  of  stars.  Thus  the  Piokenog 
and  the  Rydberg  fleries  are  alike  unrepreaenled  in  this  grand 
abject.  Nor  does  it  glow  with  the  light  of  any  metallie 
Tapour.  Ita  hydrc^u  emissions  are  in  ^me  respeuta  peculiarly 
conditioned  The  red  line  ia  icvisible;  the  green  and  blue 
linee  are  cepeciaUy  bright;  beyond  them  there  ie  a  progresflive 
decrease  of  ioteneity,  though  the  complete  seriesj  up  to  Hp^  was 
photographed  by  Mr.  S.  A-  Mitchell,  with  a  coocave  grating  of 
llj  Hquare  inebefl,  mounted  an  the  twelve-inch  refractor  of  the 
Yeikes  Observatory/'  Thus  tlie  fitate  of  the  nebula  is  such  as 
to  favour,  apparently,  the  development  ef  the  quicker  luminous 
vibrations.  The  infcrenoe  has,  indeed,  been  oontroverted.  Ur, 
Scbeiner  maintabed  that  the  suppression  of  C  in  this  speotnun 
is  "due  to  purely  physiological  causes,  and  warnuite  no  con- 
clufiiDnH  aa  to  the  physical  couditioiia  of  lumiuOHity/'  in  nebulje," 
He  regarded  it,  in  fact,,  as  an  illustration  of  the  "  Pm'kinje 
eflect,"  by  which  the  eye,  owing  to  ita  differential  colour- 
senBitiveness,  loBea  eight  of  a  red  sooner  than  a  green  ray^  when 
the  light-source  from  wliich  both  proceed  ia  gradually  enfeebled. 
In  the  laboratory,  accordingly,  K  survives  alone  in  the  spectrum 
of  a  hydrogen-tube  at  mLnimum  illuniinatioa  The  plauaible 
deduction  that  there  ifl  no  objective  reality  in  the  anomalous 
variatione  of  comparative  strength  affecting  the  hydn^rcn  lines 
derived  &om  celestial  objects  is,  nevertheleee^  untenable.       It 
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coUapaed  hopeJeesl/.  on  beiag  confronted  mth  the  aiinple  fact, 
noted  hf  Jie<iler,^  that  the  third  lijdrogen  line  CH7)  always 
vuDLGhes  GJLpcrimuntaLj  before  the  tiBt^  whiJe  in  ccbul^c  ii 
shinea  unfailingly,  although  F  he  impercejjtible.  Tbe  order  of 
brightii4!9Sj  tlitin,  r>f  tliij  luembuiH  of  tbe  seri»^s  is  qoI,  in  nebnlieT 
preacriLed  by  iihyfliologicwl  CJiuaea  aJone ;  the  fciintuewa  of  Ha  ifl 
intrinsic.  This  is  further  proved  by  TrofeBaor  Keeler'e  obs*jvft- 
tion  of  "Htf,  anJ  aeveriU  of  the  hydrogen  aeries  above  it. 
glowing  bnlliantly  in  the  spectrum  ot'  E  Aodromedjo,  vrhJe  not 
a  trace  of  Ha  could  be  found."  80  xhai  '^  in  some  of  the 
variable  starti  -we  seem  to  have  hytlro^n  in  the  same  condilJon 
an  in  the  nebu  W 

Finally,  I'rofeeeor  Campbell  made  the  deciaive  expenntenE 
of  directly  comparing  the  nehiUar  with  an  artifioial  spectnun-" 
Tiie  two  kinds  of  light  being  admitted  through  the  upper  and 
lower  hulvea  reH])ectively  of  the  samo  slit,  their  apeetra  were 
seen  aide  by  aide  iu  the  eyepieoe,  and  tbe  correspoDding  lines 
in  them  could  Ije  at  once  Hqualised  by  merely  altering  the 
distance  of  the  hydrogen-Dube  from  the  slit  Combioed  cipeti- 
menta  with  this  apjicu^tua  by  Keeler^  Wright,  and  CampbeU 
proved  that  (1)  when  the  F  liuea  from  the  nebula  and  tube 
were  matched  in  brightne^,  the  blue  line  above  it  {H7)  wm 
markedly  atrou^r  in  the  nebular  than  in  the  tube^speccmm, 
(2)  the  e<ivuili&atiun  tif  the  blue  Iiukh  left  the  greeu  lin«  from 
the  nebula  conspicuously  fainter  than  tha  aamc  line  from  the 
tube.  "The  relative  intenaities"  it  was  concluded,  *' o£  the 
hydrogen  Lines  from  the  nebula  and  &om  the  tube  are.  there- 
fore, not  the  eame ;  the  nebular  lines  are  relatively  the  stronger 
(K>ward  the  violfst,  tlte  lines  from  the  tulie  are  relatively  the 
stronger  toward  the  ted  end  of  the  spectrum."  Abarolute 
measure.'*  showed  the  three  principal  linee  in  the  spectrum  of 
the  Onon  nebula  to  be  of  very  low  intenaity.  Their  laiotnete 
oompletely  neutralised,  ttj  Professor  Campbell 'a  eye^  theu 
differences  of  tinL  Hence  the  "  Purkmje  pbeuomenou."  which 
dejienda  upon  the  penseption  of  colour,  uLonLit  in  any  degree 
a£ect  their  comparative  viBibility.  There  is,  however,  anothec 
■Bpect  to  the  queatiou.  The  spectrum  of  the  nebula  varies, 
not  alone  iiom   the  standard  of  comparison  supplied  by  the 
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Taciiiun -tiilje,  hut  also  l(xiiil]y,  witliiii  the  ronuaticn  itself 
The  relAtive  strength  of  the  cocfitituent  i»jfi  ia  different  for 
ite  diHbrent  sectiona  Dr.  Ituage  of  Hanover,^  who  devoted 
speciul  attention  to  the  point  during  a  visit  to  the  Lick 
Obflervtttory  in  September  1897,  Batistied  hiniBeit  that  the 
F  line  of  hydrcgpn,  which,  near  the  trapesdum,  bad  only  one- 
third  (or  pofiaibly  two-fiftpha)  the  intenHity  of  the  nebulium 
line,  was  ten  tiuies  hrigliter  in  the  faint  outlying  sections  of 
the  nebula.  The  relative  gain  was  thou  twenty-five  to  tbirty- 
fold ;  whik  the  allo)^  phyeiologieal  cua^e.  admitting  that  it 
had  fidl  »jope  and  play,  could  at  the  utmost  have  prwluoed  a 
gain  of  V&  times.  The  reality  of  the  change  waa  further 
certified  by  ohserviug  tlie  aecoud  uelnilftr  line  (X  4959).  which 
in  the  "  Iluy^nian  region  "  juet  equals  F,  to  disappear  aa  the 
slit  woB  moved  outward,  while  V  continued  to  ahine  with  a 
very  eeneible  lustre.  And  since,  in  thia  case,  the  Purkioje 
©ffeotn  was  null  (the  lines  beinf^  almost  indisticgmahable  in 
coloiir)^  ft  demonstration  was  afforded  of  k  genniae  modification 
in  the  uurve  of  emi»uve  energy  in  passing  from  one  part  of 
the  great  nebula  to  another. 

Profoftflor  Keeler  devised  Q  completely  novel  method  of 
di^monHtratir^  ita  non -homogeneous  character.'  Pioturee  of 
the  nebula  takeo  on  orthochromatic  plates  protected  by  eoloar- 
screens  from  the  blut  nidiatiooB.  were  compared  with  impressionfl 
on  ordinary  unatireened  platea,  all  being  exposed  W'ith  the 
Croflflley  reflector,  though  during  very  uneipial  times.  The 
result  was  to  show  that,  for  equal  intensity  of  the  Huygenian 
region,  that  of  the  remote  parts  and  outlying  etreamerH  fell 
greatly  l)elow  its  normal  value  in  the  screened  photographa 
"  Conversely,"  to  quote  the  wonia  of  tlie  ingenious  operator,' 
"where  photographa  made  by  the  two  metboda,  on  the  Kime 
night,  show  an  equal  extent  of  nebulosity,  the  Hujgenian 
region  is  very  much  more  intense  on  the  orthochromatic 
plate.  We  infer,  therefore^  that  in  the  remote  parts  of  the 
nebola  the  two  lowest  nebular  lines  are  wank,  or  the  hydrogen 
lines  strong,  as  L^ompiired  with  the  Huygeniim  region.  Thus 
the  reeultB  of  Hpectroscopic  researches  are  confirmed,  and  are 
extended  to  parte  of  the  nebula  too  faint  for  \'iaual  obaerva- 
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tioiL"  UmI  m  to  wj,  tbe  hjrdicgca  uaige  of  Ibe  Onon 
mImI*  n  icigv  tltfm  its  inu^  in  Defaofinm-  And  tius  com' 
wpem^  }MBtkJy  with  C^mpbeH '■  q«gfa«oofig  dianver^  alioat 
Um  pliocAttT  iM^Puk  &J>.-12-  1172/  alreadj 
Wbm  DebaLnm  ttNoea  to  be  empinfld  is  the 
llwt  riwidowj  posBibiiitj  be  ever  raUiaed— the  c^uot  of  Uu 
diooepiucj  maf  be  Uid  bti«.  Tbe  moA  obvioas  is  a  difln- 
CDoe  of  deantj  between  the  two  Babatuwoi ;  yet  we  euuct 
nikreserredlf  asnipe  ita  validity,  conndering  the  noted  elfedB 
sf  what  we  1IU&/  (all  efeclrioal  prefezeiuxB  in  modifjing  tba 
i^Mtes  of  attenuated  g^ieeona  stnuturofi. 

Two  facte,  tben,  hare  beeo  definitely  aacert&ined  rogardii^ 
the  bjdrogec  Bpectnua  is  tbe  "  Fuh-moiitb  "  aebula.  lbs 
firet  ia  that  iXM  more  Tefrangible  cor^citnenta  sue  prefiarentuJlf 
developed  m  compiucd  with  tha  staDdaid  set  by  the  vacnom- 
tobe.  The  Mcood  is  that  of  its  persutence  in  re^ons  of  tbe 
Debulu  too  dim  to  glow  with  any  other  specica  of  light.  Bolh 
peculiatitiefl  urgently  demand  explanatione,  which  can  probably 
be  afforded  only  hj  arduouE  experimental  work.  X>r.  Scbeicer 
haa  not  neglected  thia  side  or  the  inquiry ;  iind  altbou^  the 
oatcome  of  bin  efturis  is  negative,  ilr  eerves  none  t^e  Idw  to 
jinawer  a  fuudameutal  ijueation.  He  postulatea  in  uelwlr 
extreme  rarefwMion  and  excea^vely  low  temperature;  and  V> 
test  the  effect  of  tbe  Utter  condition  he  plunged  hydrogen- 
tubes  into  liquid  air  and  &xamin€d  the  8pcetrum.  He  fouikd 
it  entirely  unchanged  by  cooling  to  —  200"  cantigmde.*  TUa 
be  pointed  out.  hurmoniaes  wiLh  tbe  view  that  the  liiiuino»ity  of 
goeea  originates  solely  through  internal  movenienba  of  tha 
individual  moleculos.  and  ia  hence  independent  of  extenuil 
tempetulure.  Moreover,  one  of  the  few  means  aTailable  for  ter- 
rcHirtallj  altering  the  relative  strength  of  the  red  and  gnet 
hydrogen  lines  ia  that  of  elactrica]  dilferBntiiitioo.  Profefisof 
J.  J-  Thoraaoti'H  obHervatinn '  of  C  bright,  F  invi(*ible  near  tbt 
poaitivc.  F  bright,  and  0  invisible  near  the  negiitiye  electrode. 
otfers  a  cine  which  ha^  not  yet  been  followed  up,  for  tht 
threJiding  of  the  labyrinth. 

In  another  of  ita  ^lementa  besidea  hydrogen,  the  epectrum 
of  the  Orion  nebula  is  Hnsi>«!ted  to  vary  regionally,      Tbe 
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ultra-viobt  ray  at  X  3727  la  secoTjd  to  none  in  iraportnnce 
wLen  phatognLphe(]  with  aiiiuble  ^ipparatiiK  N^VGrUielesa, 
It  was  missing  from  a  plate  e^cposed  by  Sir  William  and 
lAdj  Hu^ms  28th  February  1839,^  Although  the  impresEdons 
upon  it  of  two  much  weaker  lioes  near  its  place  were  dourly 
to  be  Been.  The  anomaly  of  ite  total  absence  has  Dot  recurred 
Profeaaor  Keeler  vainly  went  over  the  groand  in  1892-93/ 
gtopiag  with  his  slit  for  the  blank  iliBtrict.  FroreeGor  W,  H, 
Piokering.  it  is  true»  derived  indicationa  of  local  divemtiefl  in 
the  inteofflty  of  the  lino  from  a  photograph  taken  without  a 
Biit,  10th  July  1888;  but  they  were  rather  euggestive  thoci 
conclusive. 

Sunpectad  light- variations  in  the  Orion  nebula  have  not 
he<ji  couiinuod  by  modern  research.  There  is  absolutely  no 
phctographic  evidence  of  change,  and  visual  discrepanciea 
hiiTO  not  boca  attested  with  sutlicieiit  precision  for  the 
Bupoort  of  any  positive  inferences.  Frofeesor  HolddD  was 
indted  disposed,  aft^sr  an  eThaustive  comparison  of  liis  own 
wit!  numerous  reccidetl  observations,  to  believe  in  luminous 
instibility  of  a  partial  kind;"  but  the  efEect^  cousidared  may 
have  been  only  apparent.  Their  production  te  at  once  rendered 
intelligible  by  Professor  Ormond  Stono'a  pertinent  rtmatks; — 
"  Thi  general  appearance  of  the  Huygenian  region,"  he  wrot« 
in  1S96,*  "is  very  mueh  like  that  of  a  so-called  *  mackerel 
sky.'  Many  of  the  condenHationti  have  pretty  well-defined 
nuclti,  whose  light  diffiiaea,  blending  with  the  surrounding 
nebulori^ity  when  the  seeing  grows  pncpt,  I  have  frequently 
been  surprised  to  hud  how  greatly  the  detinition  changes 
the  relative  brightnesa  of  the  different  condensjttions.  This 
explains  tbe  many  apparently  contradictory  estimates."  So 
far  OS  it  is  possible  to  jud^^  then,  the  brightness  of  this 
nebiLa  is  not  subject  to  chauge^  either  general  or  local. 
Moreover,  its  component  parts  seem  absolutely  ^ed  in  outline 
and  position.  lutcmol  movementa,  if  in  progress,  will  need  tbe 
lapse  of  ages  to  become  seusibLe  to  the  eya  No  ralative  shiftinge 
of  knots  or  nuclei  have  been  detected ;  no  alteration  in  shape 

1  PrtK.  Hojfiil  Simrfp,  »dI.  xIti,  p.  11. 
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of  outgrofTths  and  ctt'usions.  Yet  they  fire  of  an  enuDentlf 
nuBtablo  aspect,  and  might  \k  mippoecd  do  Ieo9  eesentiallf 
transitory  than  the  ippurtenancee  of  eometB.  And  so  moa 
probably  they  are,  alt-hough  the  unit  of  lime  by  whkb  iber 
duration  is  mesHiired  be  long,  &iiJ  the  acala  of  their  constm:' 
tion  iinijuagiiLablj  raat. 

Some  of  the  etora*  however^  soattered  near  the  tmpefluu 
pieeen^  anything  but  a  constant  luatra  One,  catalogues)  a 
T  Omois,  lluetnatea  irregularly  from  *i-7  to  13"0  nui^tc^^; 
and  others  vary  as  unniistak^tbly,  though  to  a  l€ss  extent 
Nqqc  &re  perifMlical,  ho  that  they  l>elong  to  a.  diflerent  caU- 
gory  from  the  fiaeh-lightB  of  tl'^^^^l'^^  cluaters-  An  attei- 
tive  study,  photomotric,  photographic,  and  Bpectruflcopic,  ;f 
the  Orion  variablee  could  not  fail  to  be  fniitfuL  and  iodtnC' 
tive.  Their  instability  is  the  more  nol^wottby  &om  Jk 
whiteness  of  their  light.  T  Ononis  (al&o  known  as  '"  BjoJ 
822")  ia  perhaps  A  unique  extODple  of  a  star  uutinged  \il^ 
rtid  losing  and  regaining  nineteen-twentielhs  of  its  viable 
ritdiiuice.  Among  itft  obviously  variable  neighbours  are  tbe 
obJQcte  numV^red  by  Bond  in  hie  Burvey  of  the  nebula.  (41, 
647,  654,  and  676^  Scarcely  any  anetaJned  attention  hoo 
yet  been  paid  to  the  group,  notwith standing  the  nanj^ 
qmwtionft  of  intereat  connected  with  it.  Enough  oiLy  ti 
known  to  luakd  it  certain  that  its  members  exhibit  no  com- 
munity cf  ehanicter  in  their  vicissitudes  save  that  of 
exemption  from  Einy  traceable  law  of  order.  Thui^  Bond  6^4 
was  noticed  by  HoMen,  as  it  had  been  noticed  by  Otto  S:nnre 
twenty  yebre  earlier,  la  rine  cccasioiiiilly,  froui  habitual  cilAfi< 
extinction,  to  brief  maxima  of  about  Lwelftb  magnitude.  Bui 
Ormond  Stone  recorded  none  of  theae  audden  bright^raings. 
although  be  obeen'ed  the  starj  30th  September  1886.  bo  rank 
higher  than  the  twelfth  magnitude,  Fosgibly  the  mnnier  of 
its  variability  is  itself  variabla  The  star  Bond  647,  oi  thu 
other  haud^  lias  gained  largely  in  average  lustre  since  I3ST. 
when  Sir  John  Hertchel's  me-asures,  reduced  to  Struve's  scalu 
made  it  of  1^1  magnitude.  Otto  IStruve  ohronicted  its 
disappearance  in  1863,  after  a  prolonged  maximum  at  I2'S 
magnitude  ;^  Bond  found  it  to  be  of  11'6  magnitude  in  18S7r 

1  H^oirts  dcVAavl.  de  St.  P^Un^ourff,  L  v.  No.  4,  p.  US. 
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Ormond  Stooe,  of  10  9  m^nitnde,  1886  to  1894;^  and  there 

is  nothing  to  ahow  that  this  Bteady  riae  hae  reached  ita  oul- 
minating  point.  A  compeoaatoiy  decline  may  be  anticipated, 
though  not  with  entire  confidence.  The  situation  of  these 
stars  lends  a  special  meaning  to  their  variationa  That  they 
are  physically  connected  with  the  nebula  they  are  aeen  pro- 
jected upon,  cannot  indeed  be  proved,  but  it  may  legitimately 
be  assumed.  Hence  every  advance  in  knowledge  of  their 
vicisfiitudea  camiot  but  help  to  elucidate  the  still  obscure 
relations  of  nebulous  environment  to  stellar  light-change, 

^  Publ,  Leandffr  li'Conniek  Obsermfpry,  roL  i.  p.  93S. 
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IftKEGULAR  tiebulf  oTB  objects  of  krge  aise,  mdeterminAto 
outlines,  aod  capricioua  ah&pc&  They  become  fully  Apparent 
&&  a  nilo,  only  by  photographic  means,  their  exterior  sectwoa 
and  Bubordinate  p^ts  shioing  too  dimly  for  diatinct  Tifitul 
perception.  The  chemical  retina,  howevar,  sees  them  with 
comparative  ease  i  for  their  UgJit  consists  uuiul^  of  iaolnCed 
short-period  vibraLiouzL  Thej  ^re  heuce  known  to  be  of 
giLscoiLB  compoaition,  and  uU  ore  situatod  in  or  near  the  Milk; 
Way,  M^Luy  observers*  eepe<:ia]]y  those  armed  with  lorgv 
refleetorSj  ea.u  pick  theni  out  at  sight  by  tlieir  grdeuiah  tinge; 
but  thej  never  appear  blue  like  pkotiUiriea.  There  aeems. 
iodeed,  to  be  a  defiuiw  difTeteuiMi  of  hue  between  the  two 
clasaes,  approximate  spectral  identity  Qotwithstoading.  Tins 
probably  indicates  suportor  strength  of  the  nebuliim  line* 
in  irragular  nebulae ;  or  the  maximum  of  intenBity  in  the  dim 
coutinuoue  epectruni  may  be  eiE-mited  lower  in  them  than  in 
the  planetary  kind,  Diacrimination  ia  not  etmy,  for  impreo- 
sioQS  of  colour  BIB  often  too  imbtle  to  1>e  analysed. 

Irregular  nebula  are  of  surprising  yorlety.  Each  sped- 
men  has  individual  peculiaritiea,  for  the  mOBt  part  uumibabt« 
by  any  other.  No  copy  of  the  Orion  nebula  is  to  be  found 
in  the  heavens,  and  the  Argo  nebula,  which  comes  noxt  to 
it  in  importance,  is  equally  xui  tftneris^  Tbiii  magnifioenC 
edifice  has  no  corner-Htone  corresponding  to  the  trapezium, 
instead,  a  black  opening  of  a  leoimscate  form,  and  as  sh&rp 
to  the  eye  an  if  cut  with  a  punching  instrument,  yawns  ic 
its  brightest  part.  The  operation  by  which  it  cnue  to  b« 
produced  ws.b,  moreover^  repeated  in  a  fainter  nebulouA  tract 
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Tarlher  south,  and  web  henue  evidently  controlled  by  aome 
deBtiite  and  epecinl  combination  of  cirouniBtan(*e.  With 
reaaon,  theo,  in  view  of  the  unique  character  of  ihia  feabUTe> 
the  formation  boe  been  buranmed  the  "Xey-hole  Nebula." 

At  the  eaatera  edge  of  the  northern  key-hole  lies  the 
extraordinary  variabk,  tj  Co-vmi^,  the  viciwitudea  of  which 
cannot  but  be  related  to  the  tumultuous  protfeasefi  of  change 
doubtleaa  going  on  tn  the  aeething  chaos  around.  The 
general  surface  of  the  nebula  in  emblazoned  besides  with  a 
multitude  of  ordinary  gmall  stars,  historically  and  telascopie- 
ally  undiHtinguiahed.  Their  scattering,  however,  ia  not  at 
random  ;  it  has  marks  of  inttntioTt.  Sir  John  Heischel  pointed 
out  their  diejiosal  alon^  the  margins  of  dark  rjfta  in  tlie  nebula ; 
and  many  such  allineationB  were  tracexl  by  'ii.T.  Banyaid ' 
in  Dr.  RuaseU'a  photographs,  taken  at  Sydney  in  1894.  The 
object  aa  a  whole  seemed  to  him  "  a  very  fine  specimen  of  a 
nebulous  cluster  with  a  central  condensation,  associated  with 
dark  structures  and  radiating  streams  of  utara"  Tbese  ''are 
in  most  eases  accompanied  by  narrow  black  cliannels  in  the 
general  nebuloeity,  which  run  parallel  bo,  and  alongeide  of 
the  Btar'fltieamB,"  One  is  reminded  of  the  dark  lanes 
bordered  wibb  stars  in  tbe  Herculce  cluster  j  and  the  analogy, 
if  genuine,  is  of  no  slight  significance.  Setting  aaide  for 
the  moment  its  implications  of  affinity  between  stellar  globes 
and  nebulie,  it  would  afford  a  certainty  thiib  the  stars  di^tri- 
batad  over  the  surface  of  the  Argo  formation  are  really  in 
and  of  it ;  and  flince  they  are  obviously  galactic,  thin  would 
amount  to  a  deraonfltrfrtion  that  the  neljvUa  too  \r  galactic — 
that  it  belongs  to  the  Milky  Way,  not  geometrically  by  pro- 
^jection^  but  pbysically  by  collocation. 

The  first  photograpli  of  this  fine  object  waa  obtained  by 
Dr,  Roaaell  with  a  six-inch  portrait-lena  iu  June  1891 ;  but 
it  had  an  experimental  rather  than  a  delineative  value.  This 
could  not  be  said  of  one  taken  nine  months  later  by  Sir 
David  GilL  An  exposure  of  twelve  honrfl,  spread  over  four 
nights,  with  tbe  thirteen -iuc 1 1  phoU>-refrH<ilor  nf  the  Inter- 
national Survey  H  yieldeil  tlie  remarkable  picture  wbieb  forma  our 
frontiepiece.  The  advantages  of  the  autographic  process  could 
not  be  more  foTcibly  exemplified  than  by  oomparing  it  with 

'  KntriftoigUf  ful.  ivii.  p.  133ii    i 
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Six  John    Herftchel's  dmwii:^  of  the  ume  object'       Months 

of  Ift^xfur  at  the  tele«3op«  were  of  leas  avail  than  half  a  d&ff 
"following"  with  the  camera.  The  artist  fully  reooffUJKd 
the  inability  of  even  his  nkilful  hand  to  ilelineate  the  endlea 
gradatiuQS  of  light  and  ^hude  whwli  his  eye  perceived-  Th? 
elaborate  paltiA  taken  by  him  beuded,  indeed,  us  in  masi 
similar  oaaea,  to  exaggerate  contrastd,  and  no  vid&te  thv 
genertU  effect.  In  the  photc^rapb*  Uie  disoLo^od  n^tulous  fieldfi 
are  not  only  wider,  but  they  are  more  hjirmoniously  related 
and  more  intielligibly  urranged.  Nor  has  the  distinctive  trail 
of  the  neinila  evaded  chsmina]  portraitnm.  The  "  key-hole" 
ifi  contpicuuiia  ou  the  plate?,  althou;^h  deformed  by  Immucus 
iailows  i  He-rschel's  '*  kiduoy-bean  "  opening  to  the  south  (ai»th 
square  from  the  bott^Dtn,  ionrth  from  tbe  left  side  of  the 
Plate)  is  scarcely  encroached  upon  by  chemiml  ditfuHion ;  and 
a  third  vacuity  of  similar  design,  though  leaj^  perfect  ex«tn. 
tion,  occurs  to  tlie  Dortb-wsBt  of  the  key-hole  (fourth  square 
from  the  top.  seventh  fiooi  the  left).  There  in,  neveitheleea,  one 
striking  discrepancy  belwecD  the  drawing  and  the  photograph 
— a  discrepancy  which,  on  the  face  of  it,  implies  the  oocur- 
renoe  of  gentiine  and  ait^nsive  change.  An  isolated,  trident- 
shaped  atrncture  prominent  in  the  former  is  imperceptible  in 
the  latter,  or  survives,  at  the  most,  fragmentarily.  Its  dii- 
appearance  was  due  to  no  accidental  defect  in  the  Cap« 
negative  i  the  Arequipa  plates,  espoped  with  the  Bruce  tweniy- 
four -inch  leas,  show  a  corrcfipoudin^  effacement  It  had, 
in  fact,  taken  place  even  to  the  eye  already  in  1871.  when  Dr, 
Russell  failed  to  perceive  the  "  swan  "  form  (^is  Sir  David  Gill 
ooJled  it)  with  the  Sydney  elBveu-ini:h  refrftcbor.  The  evidence 
of  ltgbt-e:>ctinction  is  nlmost  conclusive ;  yet  it  should  not  he 
admittoil  without  further  qaoation.  Visual  study  of  t\K 
nebula  would  perhaps  be  the  most  promising  rofid  towards 
tbe  end  in  view.  Such  objects  are  now  rarely  fook^  n/; 
observers  adapt  their  apparaliis  and  devote  their  energiea  lo 
the  exposure  of  plates.  Yet  in  sotue  uosea — and  this  b 
surely  one  of  them — the  direct  and  indirect  methods  abcold. 
for  completeness,  be  employed  concurrently^  Photograi^ 
and  photometric  bnghtneaa  are  commonly  disparate  in  staiv; 
they  differ   in   nebulte  atill  more  widely;    it  remains   to  h# 

'  CopM  in  Knowled^  toL  xvt  p-  40- 
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proved  whether  their  differences  may  Dot  be  irreguhirly  dia- 
tributel  or  even  variable  lAitli  time.  The  apectrum  nl'  tnhe 
Argo  nebula  ia  of  the  ueuaJ  gaseous  type.  Further  parti- 
culara  abouC  it  are  wj^nting. 

The  Trilid  nebula  ia  Sagittariua  (M  20-N>G,C.  6514) 
affords  another  instance  of  ostensible  change.  Discovered  by 
Mefittier  in  1764,  it  appeared  to  Sir  William  HerBcbel  in 
1784  in  the  guiae  of  "  three  nebulae  faintly  joined  into  a 
triangle.  In  the  middle/'  he  a^ded,  "  ia  a  double  atar/'  And 
a^iu,  after  two  years,  "About  the  doubla  star  is  a  black 
opening/'  the  combined  effeet  of  which  recalled  the  Orion 
tiapeduOL  He  reiterated  in  1811  tbat  the  p<^llon  of  the 
star  waa  "in  the  middle"  of  the  obscure  space  ljeti*een  the 
uebulas.'  Sir  John  Herecbel  aimilorly  assigned  ita  place  in 
1827  ^  aa  "  exactly  in  the  central  vacuity  of  a  large  irregular 
nebula,  which  appears  to  have  boon  tiroken  up  into  three 
portions  by  three  rifts  or  cracks  exteading  from  ila  centre  to 
its  circurofeTGnco,  and  whose  dire^itiona  meet  at  the  double 
star/'  Nothing  could  be  more  explicit ;  and  his  verbal 
description  is  authenticated  by  a  rough  eketdi  of  high 
evidential  value>  though  laying  no  claim  to  preciaLon.  Si?: 
years  later,  at  Slough  in  183^,  he  obaorved  the  double  (roally 
a  sextuple]  star  to  occupy  "  the  centre  of  the  tritid  nebula." 
Yet  at  the  Cap©  in  183B,  he  drew  it  as  adhering  to  the 
south-easteni  lobe,  and — stranger  still — witliouL  (iommeut  on 
the  alteration.  And  virtually  under  the  same  aspect  the  object 
was  seen  by  the  American  obaervera.  Mai^on  and  Smith,  in 
1839,  au  well  as  by  LosBeU  at  Malta  iu  1S6S.  The  (complete 
immersion  of  the  star-group  in  nebulosity,  and  ita  eceeatric 
situation  at  the  apei  of  a  shirimg  conical  mae^,  are  now 
patent  to  the  merest  tiro  in  telescopic  serutiuy.  Autr:igraphic 
impressions  t«ll  the  same  tale.  One  obtained  by  Dr.  Ifoberte 
inninety  minutes,  13th  July  1896,13  ahown  in  Plate  XXVIIL 
Fig.  1-  The  open  fnn  of  nabuloBtty  in  the  UDOth-eaetem 
quadrant  has  Ihe  multiple  slur  at  its  apex^  but  indistinguiah- 
uhly,  owing  to  tlie  burDt-itp  condition  of  the  plate  in  thjii 
bright   region.       The    abruptness   with    which    the    luiuinoua 

■  J^H.  TtmA.  1780,  p.  4Di  ;  ITSfi,  p.  247  ;  181],  p.  2S&  ;  qtiaud  by  Hotdea, 
Ai'ifric^n  Jcttm.  of  Science,  vol^  xiv,  p,  131,  ISTTi 
'  Jfrdtinrff  JiviftU  ditr.  Svdntif,  vol  ill-  |t-  0£- 
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mnaaee  abut  upon  the  dark  rifts  thJit  divide  theia  i^  mo9i 
remark&ble.  On  a  CroH&lcy  plate  of  6th  July  1890,'  the  ainAll 
central  block  of  nebulosity  came  out  semi -detached,  while  tu 
the  Growborou^b  picture  it  appears  as  a  simple  proloogmtiaD 
of  bhe  grea.t  not-Lberti  lobe.  Here,  too,  by  a  further  dOfact 
of  light- concentruti on,  the  dependeiit  nebula  to  the  north 
ia  completely  unnexed  by  the  Sidjacent  triple  stiructurt- 
Its  nuclear  star  would  make  an  interoating  subject  for  apectro- 
soopic  study. 

Now  Herschera  Cape  drawing  of  1S35  ia  in  aubatmittti 
agreement  with  the  photographs  of  1899,  Re  aaw  ubout 
tho-aame  exteut  of  nehuloHity  disclosed  in  thetu»  rliBtribuLetl 
Tery  much  in  the  eame  way.  and  aimilarly  related  to  the 
principal  fltara  sea tteted  through  it  During  eixty-four  jeus, 
at  any  rate,  fixity  has  previiiied.  Mutual  dieplac^-menta  an 
not  sensibly  in  progreM.  The  allied  variation  mii^t,  vein 
driveu  to  infer,  have  taken  p]ac«  suddtinly  between  1S33  ami 
16.15.  TbiB  ia  certftinly  bard  of  credence;  but  it  ia  stiU 
more  dithcuLb  to  admit  tbat  both  Sir  William  and  Sir  ^oht 
Herachel  erred  so  egrej^ou^ly  aa  to  locate  the  multiple  star 
in  tlio  middle  of  a  black  apace,  if  it  really  sparkled,  aa  it  doi^ 
now,  upon  a  baekgrouod  of  luta^nt  silver. 

Profeasor  Swift  mentions  hjtving  observed  about  1888  "a 
luminous  filameot  of  the  most  delicate  spidet-Hke  finenm 
atretched  acroaa  the  ncrbh-weal  cleft "  of  the  Tritid  aebuld^' 
It  reminded  him  of  a  c«ble  of  bhe  New  York  and  Brcok^ 
suBpeuBJon  brid^ro,  with  the  difference  that  it  did  not  aag  is 
the  middle,  but  went  straight  &oni  shore  to  shore.  Xbe 
inataLlatic^n  of  electric  xtreet  lighbR  at  Rocbeater  precluded 
bini  from  keeping  vratch  over  this  delicate  and  perhaps  novel 
feature.  It  would  be  intereatiug  to  learn  whether  it  cou- 
binuea  viaibly  to  epan  that  strange  abysa 

The  Bpectnim  of  this  nebula  was  observed  by  Profoavra 
Keeler  in  1893  ae  "continuous  but  short,  being  appareoUj 
conliued  to  the  blue  and  green," '  Only  a  "  brighteniu|f  netf 
the  luiddle"  could  be  detected.  Nevertheless,  ou  -Ird  August 
1894,  Ptofeaaor  Campbell  perceived  at  a   glance    the    thrw 


■  Reprodaced  in  j4$trvpK  Jettnu  ml.  iL  p.  3S6. 

3  Popular  AttrvnotAjf,  toI,  i.  p-  951, 

^  F»bi,  Litk  QhKTvaiory,  tdL.  iiL  p,  20&. 
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U3ual  uobula  Ubbb,  the  third  (K)  being  relatively  BtroDg,' 
An  aaroral  glow  almost  efiaoed  whatever  coQtinuoufi  light 
was  pT6Bent ;  and  the  same  aifidi^nt,  singularly  eaough, 
recurred  at  the  date  of  a  eetxrud  oltfervution  24tHh  Muj  1895. 
Much  might  be  learned  about*  the  nature  of  bhe  Trilid  nebula 
by  a  flearchiug  epectrographic  inquiry.  The  condition,  for 
inetauee,  of  the  unknown  line  at  \  3727  would  be  important 
to  ascertain.  Ita  variations  &om  one  object  to  another,  or 
poaaibly  from  one  region  lo  the  neit  of  the  same  object,  are 
doubtlies-H  of  a  Kigniftcan(.-e  only  to  he  fathomed  by  the  patient 
collection  and  compariftoa  of  facts.  The  apectrum  of  the 
multiple  star,  which  seeraa  to  have  n  nuclear  rektion  to  the 
south-easttm  d:viaion  of  the  nebula,  waa  stJited  by  Keeler  to 
be  devoid  of  marked  features.  Vet  such  may  present  them- 
selves  when  its  thorough  examination  becomes  practicable. 
The  components  of  the  object  were  autceHHively  discovered  in 
the  course  of  nearly  a  centuryn  Sir  William  Herscbel  saw  it 
double  in  17tJ4 ;  Herschel  and  South  about  182B  found  it  to 
be  triple ;  and  no  more  than  throe  members  of  the  group  wore 
distinguished  by  Lassell  with  his  four-foot  reflector.  The  fourth 
and  fiftli  stara — neither  muoh  brighter  than  the  thirteenth 
magnitude  —  were  add*^d  hy  Pmfesflor  I^ugle}',  ustrtg  the 
fifteen-inch  Harvard  College  refractor,  in  lS6(ii  fioallj.  the 
Washington  twenty-aix-inch  disclosed  the  sixth  to  Professor 
Holden  5th  August  1875, 

A  fenlaatie  structure,  known  as  the  "  Omega  "  or  "  Horse- 
shoe "  neUila  (M  17  =N-G.C-  6618),  is  situated  on  the  border 
of  Scutum  Sobieski,  and,  like  the  Triiid,  invitee  inspettion  from 
southern  latitudes.  Sir  John  Ilerschel  perceived  it  at  Slough 
in  the  tigure  of  a  Greek  Omega  (H),  with  the  left-hand  base- 
line turned  upward.'  He  was  surprised  to  see  at  the  Cape  a 
second  arch  springing  from  the  same  level  as  the  first,'  besidea 
other  suspected  convolutions.  The  subordinate  appendage  was 
again  noticed  hy  Swift  in  1383.*  In  a  photograph  taken  by 
Dr.  Roberta,  5th  August  1893,  the  "  horse-shoe  "  resemblance 
is  almost  obliterated.^  Much  greater  prominence  is  given  to 
the   spindle  -  shuped  axis    originally   noticed   by    Messier    in 


'  Adrtiph.  Jimm.  ToL  iL  p.  3«3.  ^  PhU.  TraHn.  vol.  cuuiLL  p.  461. 

*  Gap4  iitfH/fj,  p,  10.  '  SiderrrU  ^§MMenjjer.  vol-  ir.  p-  3S. 

■  Ctiutitl  Fholvffrapht,  fot.  i  p,  101, 
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17M.  On  the  plate  it  ia  found  to  be  enccimpanBd  bj  • 
cUm  euveJope>  iinitiDg  the  various  patclieo  of  Dcbuloettr  iaE«  i 
large  ov&l,  18'  by  12\  to  the  north-tresteru  end  <^  winch 
an  abortive  ""  horae-ahoe "  U  append^  like  an  excreecom 
A  pictora  obtained  under  more  &Toarable  circamfltanai 
might  hring  these  somewhat  inconjp^ous  parts  into  la 
mtelligiblif  mutual  dependence.  Profeasor  HuldtQ  coUectat 
evidence  sui^eetive  of  variation  in  tbe  Omega  nchulaj  b«| 
Qone  that  could  be  reganled  as  conclusive.  "  Thore  hif 
cerbainljr  not  been  any  bodily  ehiftmg/  Dr.  Drejar  |ff^ 
nonnoed  in  IS87'^  He  was  not,  however,  equally  dear  thtt 
partial  iluctuatioD£  in  brightness  mi^bt  no:^  huve  taken  pLufr 
The  question  remains  an  open  one. 

The  spectrum  of  the  Omega  nebula  was  recordo]  ii 
gaseous  by  Sir  William  Huggins  iu  1^64.  Nothing  furlfacr 
is  known  about  it. 

Perhaps  the  mo8t  important  of  the  nebuLi;  for  purpoefli 
of  oomparativa  study  is  ""30  Doradfla."  Situated  in 
Greater  MagellJinic;  Cloudy  the  *' looped'' nebula  may 
in  Professor  Pickering^s  opinion,  a  dominating  influe 
that  extraordinary  mixed  assemblage.  Yet  it  baa  the 
and  unBubstantiat  appearance  of  silver  tila^preo  torn  jx 
sbrcde  and  hung  in  the  black  sky^  Its  spectnim  offere  a 
remarkable  combination  of  linear  elemeuta  with  etronglj 
cominnous  radianm.  Here,  if  anywhere,  a  frontier-iiiBtaDC* 
between  "  whitf  "  and  "  green  "  nebuhe  ia  to  be  fouud.  Bartm 
in  1874  athrmed  the  predominance  in  it  of  the  fuu 
nebular  line ;  but  the  Harvard  cbeervera  are  leoa  eJC 
Professor  Pickering  brioHy  announced  in  IS92*  the  epcx^tnit 
of  this  object  to  be  "  unlike  that  of  oLher  gaseooH  uebidft-  "i 
adding  in  1697*  that  its  "constitution  appears  bo  be  partly 
Htellar  and  piirtly  gaaeous,''  Purther,  a  sixth -ma  gnitmle  aur 
in  Libra  {A.G.U.  20,937]  is  said  to  reproiiuco  the  peculiarilia 
of  its  mixed  light,  a  discovery  ranktug  among  the  tnoel 
profoundly  inetructive  of  those  made  by  Mrs.  Ftemiag. 
full  import  may,  however,  davdop  only  through  p 
inve^igntion. 

'  Amffr.  Jo*rn.  »/  Beinae,  yoL  xL  jh  341,  third  >«niH. 


OTHER  TRREGtJLAR  NEBULi^ 

Near  the  star  f  Peraai  on  3rd  November  1885,  Barnard 
diflcoverad,  at  NaahTillewith  aais-incU  telescope,  a  "very  faint, 
very  large,  diffueed"  nebula  (N.G-C.  1499),'  Six  yeara  later 
it  came  promiueatly  iuto  notice  through  a  photograph  taken 
at  Halensee,  near  Berlin,  by  Dr,  Archenhold.^  The  Willard 
lena  vios  then  repeutmlly  hroughi  to  lieur  n\ton  it  at  LicV,  and 
oae  of  the  resulting  pictures,  to  which  Barnard  gave  six  houjB' 
exposure  21et  September  1895,  is  reproduced  in  Phite  XXIX. 
The  nebulosity  extends  over  at  least  two  degrees,  and  includes 
many  *'  angular  condeBsationa/'  A  round  dark  spot  aeor  the 
northern  border  atrites  the  eye  at  once.  That  it  is  "  doubtless 
a  hole  in  the  uebula,"  Profeeaor  Barntii'd  avers.  But  in  a  gaaeoua 
mass  a"  hole  "could  neither  be  produced  nor  maintained.  Light 
in  the  perforated  region  must  be  suppi-eeoed  uidcee  it  be  inter- 
cepted, and  the  latter  ulternattve  involves  conBec]uenees  that 
may  fairly  be  called  iuiidmiBsible, 

A  drawing  of  the  f  Persei  nebula,  published  by  Dr. 
Scheiner  in  1893/  embodies  five  pJjotogniphic  deliiieAtionj< 
obtained  with  a  Voigtliiiider  "  euryscope  *'  of  four  laches 
aperture,  in  times  of  exposure  varying  &om  one  to  aiz 
hours.  He  Found  it  to  be  little  inferior  in  size  to  the  great 
Orion  nebula,  but  totally  different  in  pUu  of  construction,  ll 
■  has  atrongly  lumlnoua  borders,  and  these  are  oonnecJ^^d  by 
bright  causeways  crossing  a  comparatively  tibscure  interior 
There  is  no  eign  of  a  nucleus,  nor  any  tendency  towards  the 
formation  of  one.  Portrait -lenses,  or  some  modification  of 
them,  seem  to  be  the  only  kind  of  inatmment  with  which 
impressionB  of  this  objeci  can  be  eecured ;  a  plat«  exposed 
during  &ix  hours  at  the  focus  of  the  Potsdam  thirteen-iDch  astro- 
graphic  refractor  showed  no  trace  even  of  veiling  from  the 
prolonged  impingement  of  its  rays.  They  are  equally  in- 
effective, Dr,  Archenhold  statee^  upon  orthochromatic  plates — - 
a  fact  reaeonahly  held  to  imply  that  the  nebula  emits  chiefly 
Ught-wavea  of  abort  periods.     In  other  words,  it  is  a  yrwn 

(nebula,  and  all  hut  eertaiuly  gaseous. 
A   "  vast    and    magnificent    nebula "   near   Antares,  seen 
imperfectiy  and  f ragmen  tarily,  was  disclosed  in  ita  entirety  by 
Professor  Barnard's  photographic  research^   in  1895.'      Its 

'  Attropk.  Jnim,  »oL  Ji.  p.  850.  ^  Aair.  Naeh.  No.  SOSS. 

'  Ibid.  TSo.  S15T.  *  Ibid-  K».  SaOl ;  Ktwvitdfft,  toI,  tix.  p.  205, 


514 


PKOBI-EMS  IN  ASTKOPHYSICS 


primary  gathering-ground  is  about  p  Ophiuchi,  a  quadmpU 
atfir  of  fi>urtb  magnitude  giving  \  heUiim  spectrum;  but  Oj 
t^,  and  22  Scorpii,  besides  other  smaller  stars^  form  mt^ 
ordinitte  fod.  Antiires  itself  ih  involved  in  tha  trailing  akiiti 
of  thia  coHinic  cloud,  but  may  in  reality  Lie  ijnr  awa^  froo. 
them.  Furrowed  by  an  intricate  eyatcm  of  rifbfl>  ajid  pieroej 
by  obecure  cavities,  tho  ADtaree  nebula  ta  evidontlj  in  u 
agiuited  and  unstable  condiQon ;  aitd  its  marked  tendency  U^ 
cling  to  individual  sUrs  suggests  that  its  development  vill 
tak^  tlie  ilirecliau  of  n^centHUitUng  such  lucal  coDdensstioiuL 
The  exunple  of  the  rteiades  waa  recalled  to  Profosor 
Bernard ;  and  it  may  be  that  iho  formation  in  Soorfiit 
presents  us  with  an  analogoUH  aggregation  in  an  earlier  sUgil 
of  growth. 

One  in  many  rer^pecta  sixnilfir  was  photographed  ut 
CepheuR  by  Pmfe&sor  Barnnnl  13th  October  1893-  He 
traced  in  it  "  numerous  irregular  vacancies  and  zigzag  lanes' 
aud  noticed  it  to  *'  mingle  indeSnitoly  with  moAsee  of  aniAll 
stars  and  become  part  of  tliem.''  ^  Tbie  nebtda  ift  Iwi 
degrees  in  diameter,  and  ruddy  circular  in  sbapa  Still  mot| 
far-spreading  and  complex  is  a  wonderful  nebulous  tnftiQ 
vagutily  c<mtred  at  a  ix>ml  near  f  Cygui,  but  estt^Dding  ontf 
ward  to  a  distance  of  at  Least  eight  degreea.  Dn  M&x  WoU 
who  virtually  discovered  this  vast  formation  by  his  photo- 
graphs of  1B91,  considers  it  to  embrace  all  the  stars,  brjglil 
aud  faint;  that  come  within  its  scope ;  ^  and  we  eaiuaot  iliral4 
that  a  heterogeneous  system,  partly  stellar,  partly  uebuUi; 
here  presented  tu  view.  Gut  the  particularitiea  af  it4 
position  evade  for  the  present  proHtable  inquiry. 

Barnard's  circular  nebula  in  Monoeeros  (N.G.C.  3237% 
which  to  the  eye  seems  to  draw  a  lin^  of  circuiuvulUUoft 
round  the  cluster  within,  but  loses  in  photographs  all  UaM 
of  annularity,  may  proviaioiially  be  chisaed  as  "  irregulir* 
A  fine  picture  taken  by  Dr  lEcberte  ofch  March  1399  *  abcm 
the  nebulosity  to  extend  over  a  apace  about  77'  by  G7',  in  tfal 
form  ot  a  cloudy  aggregration  "  broken  up  inle  wiape,  strifiaaai> 
and  curdling  masses,  densely  dotted  with  stare,"  and  itn^iBJpig 

*  Kikowitdgi,  toL  xtIE,  p.  17> 

*  I^tid.  Tol.  iJT.  pp.  188,  230 ;  Oltn-xotary,  vol  ut.  p,  301 ;  Avtr.  S^^ 
No.  3048.  •  i^mnoiedifc,  vol  "ii,  p,   13£, 


rhobJgniph  afn  NdiiiUi  in  ron»vs  [N'.U.C.  liik^^     hy  E.  K.  Flanmni,      Kxihhijit,  *iii. 
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"  mAay  dark  areas  with  and  without  either  Btars  or  nebulosity. 
Some  reiaarkahle  black  tortuous  rifts  mefiudei  through  the 
nebiilooity  on  the  north 'precadin^'  half  of  the  nebula;  their 
margiiia  are  sharp  and  wgU  defined  in  thd  midst  of  denao 
nebulosily.  They  are  aa  eleajly  cut  aa  we  see  the  caEone  of 
great  rivera,  but  their  width  may  in  reality  be  millione  of 
milea." 

Irregular,  tpoo*  is  a  beautiful  winged  foriua.bLou  diatantly 
resembling  the  Orion  nebula,  photographed  by  Schaeberle  in 
the  viuinity  of  Nova  Auriga^, ^  Ibe  phyeical  inveatigation 
of  all  these  objects  will  prove  an  arduous  but  interefiling 
task.  The  measurement  of  their  radial  movements,  especially, 
should  help  to  define  ideas  ragurdiii^  their  true  statute  in  the 
heavena. 

J  j4itT.  ajul  AMnphya^.  vol.  xL  p.  B2S;  Wolf,  Aitr.  Xack.  No.  3iaG. 
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The  "dumb-bell'*  nebula  in  Vulpecula  (M  37  =N.G.C.  6863 
might  filmoat  be  called  n  hybrid  between  the  pluaetaiy 
iri^egolar  species.  Its  afimitiea  are  indeed  ao  nunieroiu  «a  U 
oinbttrrft-ss  its  classification.  Iniperftctly  seen,  it  appears  double, 
and  eiifh  it  was  <.xiiihi*lpfed  to  be  by  the  elder  Rerachc 
What  survivea  of  it  when  the  fainter  parta  are  Qblibemted  hy 
dim  air  or  bad  definition*  suggeata  the  bell'dhuped  recoptttck* 
detached  from  the  neuk  of  an  hour-glasa.  And,  in  f^acC,  tbd 
euecesmon  of  iuetances  is  unbroken,  trcni  bi-aticle&r  planecahiM 
through  the  "  dumb-bell  "  stage  to  mtmi^takable  pairs  of  nebuln 
tidnly  wjiineLted  hy  hazy  Htri|jfl,  This  point  has.  however, 
been  already  referred  to.  The  dumb-bell  nebula,  inoreonr, 
poB6Q0se3  a  nuclear  star,  situated  at  the  narrowest  point  of  lb* 
neck ;  and  it  is  dif&cult  to  eoneeive  of  tbc  neck  as  other  thui 
a  temporary  arrangement-  Many  indicationa  favour  U\e  Hm 
that  it  will,  sooner  or  later,  break  up  and  disappe^ir,  leavin^r 
the  star  regent  over  the  mfuses  finally  disjoined.  Am!  it  n 
curioua  to  remember  that  just  auch  an  iuterjaoeDt  star  occun^ 
in  several  compound  nebular  syetems, 

A  tendency  to  form  a  marginal  ring  is,  on  the  other  hAod^ 
visible  in  thw  nebula.  A  photograph  taken  by  Mr,  W.  E 
Wilson  of  Daramona,  Ireland,  which  we  are  permitted  by  hini 
to  reproduce  id  t%te  XXX,  shows  an  incomplete  bright  border 
to  be  a  leading  feature  in  its  construction.  Whether  in  the 
futoro  It  is  destined  to  beoome  predominant,  we  can  acarcely 
venture  to  suimise.  The  dumb-bell  oebula  la  about  S' 
in  diameter.  The  bright  framework  cau  be  seen  in  the 
photograph  to  be  filled  out  into  an  elliptical  shape  by  faint 
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Buppleinentary  lurainosity,  whicli,  however,  is  much  stronger 
in  the  original  uegative.  Dim  probruBiutiB  ab  the  eodfi  of  Lho 
major  a  sis,  traceable  in  Dr>  Hoberta's  picture,^  ictimate 
opposite  outflowe,  similar  in  oauso  and  character  to  those  eue- 
pect^  to  proceed  &0[n  the  ring  nebula  in  Ljra,  The  textura 
of  the  "dumb-bell"  ia  lumpy  and  irregular.  PreBumably  it 
is  of  a.n  ellipeokkl  fonn,  and  rotates  on  its  transvei'se  axis. 

The  spectrum  ia  puielj"  gaseous,  and  is  dominated  Tisualljr, 
with  more  than  the  usual  emphaaia,  by  the  grceu  nehulium 
linGj  while  in  the  photographic  region  the  ray  at  \  3727  waa 
found  by  Von  Gothard  to  be  of  quite  peculiar  atrengtL' 
Symptoms  of  helium-eraisaion  should  be  looked  for. 

Several  objecLfi  have  ]nxn  described  as  miniature  of  the 
Vulpecnla  domb-bell,  but  the  likeness  may  prore,  on  a  more 
searching  examination,  to  be  only  skin-deep.  Among  its  sup* 
posed  analogues  are:  (1)  N-G.C.  1365,  situated  in  Fornax,  and 
described  in  Sir  John  Herschel's  Capt  Hesults.^  It  belongs, 
he  Kays,  to  the  clasH  of  "  annular  nebuliB  with  centres,'*  hut-  the 
ring  breaks  off,  leaving  the  ovd  incomplete  at  ite  e:itremitiea, 
while  the  shorter  axis  terminates  with  two  blight  masses, 
between  which  Lee  a  "  reeolvable  "  nucleus.  (2)  N.G.C.  5189. 
Ie  Muaca.  A  *'  general  similitude  "  to  the  dumb-bell  was  noticed 
by  J.  Hersahel.'  (3)  N.G.C.  3195,  In  Chameleon,  A  drawing 
is  given  in  the  Cape  ResulU.  (4)  KG.C.  1978.  One  of  the 
condeacript  inmates  of  the  Magellanic  Cloud  (5)  K.G.C. 
€905.  A  gaseous  nebula  in  Cygnua^witbastarin  the  centre,  and 
four  attendant  upon  it,  liko  aatoUitca,  [6)  N,aC.  3226,3227. 
A  double  nebula,  near  7  Leonie,  cooeisting  of  two  hazy  masses 
euhKemibly  united  by  a  '*  neck/'  and  enclosed  in  a  dim,  elliptical 
aheath.  All  these  various  BtructureH  may  ntit,  indeed,  be 
traversing  the  same  line  of  development.  In  some,  the 
annular  tendency  will  perhaps  evcDtually  prevail,  in  some  the 
disruptiva  The  balance  between  opposing  forces  is  unlikely 
to  incline  everywhere  the  same  way,  and  upon  its  poise  de- 
pends by  supreme  tippointment  thi<  special  form  to  be  aMsumed 
in  the  course  of  ages  by  each  individual  system. 

The  *'  Crab  "  nebula  in  Taiirua,  discovered  by  Dr.  Bevia  in 
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1731,  waa  again  noted  by  MeaaiGr  12th  Septetnbor  175$} 
a"whitiah  light,  elongated  Jike  Lhe  tiame  of  h  Laper."  He 
took  it  at  fiist  for  the  ccjnet  he  was  in  seomh  of;  oud,  U 
avert  future  confuaion  of  the  kind,  adopted  the  memoimble  ti 
pcdient  of  coofltnuiting  a  catalogue  of  nehulfc.'  The  specimci 
at  pwaoat  in  question  meaaurea  5'  along  its  greatedt  diametijli 
and  ahout  3'  across.  Lord  Bos3G  gave  it  its  distinctive  Dsmfl 
from  the  pTolmdiiig  fiUuLents  Tesembling  th«  claws  of 
cnifltaof^n,  lirnughb  to  view  by  Iuh  great  reflector,"  Theaft 
have  not  yeb  been  photc^raphed.  On  a  plate  exposed  duriii| 
ttiKG  hours  by  Dr.  Roberts,  2nd  Fobniaiy  1892,  there  oaae 
out  Eiii  ovate  body  composed  of  ^'  d^nse  mass&B  of  cloudy 
with  fainter  areas  l^et^een  them,"  a  deep  bay  on  ooe  dde 
beiijg  counter! ml auced  by  a  projecting  luab  on  the  other*  N(» 
teutdtiiilar  a^jpeiidfigea  were  disclosed. 

The  apeGtmin  of  the  Orah  iiebjia  appcoTH  to  be  rather  mort 
Btrougly  CDutmuone  than  is  ufiual  in  the  gaseouB  class,  to  vfhitb 
it  unqueationably  belonga.  Tor  at  Harvard  CoU^^  in  ISGJ 
the  green  nebalium  ray  w-ia  recorded,  and  was  suspected  to  hftve 
hxs  refritngible  companions.* 

Another  object  of  dubious  relationabips  is  Meaaier  77 
CK.G.C.  1068),  Lord  Hosee's  "blue  spiral"  in  CetuB,"  The 
description  intimatea  an  anomaly,  einee  true  spirals  are  "  vhite^' 
and  give  a  continiioue  spectrum.  Now  the  colour  of  ihia 
objectn  comapondB,  ua  might  fiave  been  expected,  to  a  gaseona 
constitutiiou,  whether  of  the  normal  kind  or  in  certain  najs 
peculiar,  remains  to  be  proved.  Its  form,  too,  is  ambiguoiia. 
A  drawing  pul^liabed  by  Lord  Kosse  portrays  a  round,  faint 
disc  more  than  2'  in  diameter,  upon  which  are  reliered  the 
brighter  coils  of  a  deGnitely  sepamted  central  mass.  In  Dr. 
Roberts's  picture  (see  Plate  XXVIII.  Fig.  2).  on  the  ol^er 
hand,  trhere  is  no  traca  of  a  convoluted  structure.  It  ahowa 
"a  atelki  nucleus  with  projecting  anare  of  dense  nebulosity ** 
BOTTounded    by  a   taint    zonej  and   that  again  "  by    a  broad 

1  CMn,  iic9  TtrmpMjHmr  1784,  p.  SB9. 
'  Siajtk  Cdaii^l  Gyda,  p.  1*5  (rd.  ISfll). 

"  PkU.  TVfifu.  vola^  r^sExlT,  p.  332.  clL   |i.  71S  ;    Traiu.  Eoi/al  Z'uM 
Tol.  a.  p.  A7. 

*  Cilrdial  Ph^togmpht,  vol,  i.  p.  B2. 

^  Harvard  Annttia.  vol.  xiii.  pp.  64,  66. 

'^  PhiA^  Ttom.  vgL  clL  p.  7U,  pUle  uv,  £g.  G. 
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nebulous  ring  studded  with  atiODg  ooadeusatloiiB  "  like  inchcutte 
alan.  A  difl^nt  aspect  was,  Lowever,  assumed  hy  tlie  objeot 
in  a  i>briUi^frapli  taktn  liy  MM.  TUillnud  ftuil  Bour^eL  in 
1899  with  tLe  thirty-Uiree-luch  refloator  of  tbe  Toulouse 
Obflcrvutoiy-^  The  nucleus  here  again  resolved  itself  into  the 
wTcding  folds  eecn  at  raraonatowii,  aijd  a  paler  Bpiial  formation 
served  for  its  backgrouud  Its  character  Goutinues  in  many 
respects  enigmalicft]. 

M  77  is  eopied,  in  Profeesor  Holdeii'a  opiciDn,  quite  ac- 
curately by  a  nebiila  in  the  sjime  conattlUtion  (N,G,C  1084). 
Under  the  gaze  of  the  camera  it  may  resuicc  the  spiiul  sh&pe 
obBOurely  viaible  to  tbe  ParaonBtowa  obBervera,  nolwithatandiug 
their  final  description  of  it  aa  "  a  fine  oval,  with  ragged  edge 
and  a  mottled  look/*  indented  hy  "a  dork  Iray  north  of  the 
nucleua*'^  Judging  by  analogy,  it  should  yield  a  gaseous 
apectrum;  though  the  circimistaDce,  conaidtriug  ita  remotenena 
frora  the  Milky  Way,  would  be  exceptionoL 

Meaaier  78  (N.G-C  2068^  in  Orion,  is  a  ^"  singular 
wispy  nebula/"  6''  or  7*^  across,  enclosing  a  triple  atflr,  aurmised 
to  vary  in  light."  An  arraugeiueTit  of  tlie  more  lucent 
nebulous  tufta  along  a  epirol  curve,  affirmed  visually,'  is  denied 
photographically.  Dr  Boberts'a  plate  exhibits  a  central 
cumulus,  sharply  termiiiated  on  one  side,  vaguely  diffused  on 
the  otheii  tbe  dense  nuclear  |)art  being  eurrounded  by  dim 
floccnles  with  wide  dai'k  spaces  between.^  A  Hraaller  adjacent 
nebula  (NAJ.C-  2071)  Iibh  a  stt^lar  fncus,  to  whi;:h  appurten- 
ances like  "  mare 'a  tails"  are  attached.  The  distance  from 
centre  to  centre  of  the  two  nebula;  ia  about  15'  of  aro, 
and  they  can  be  made  out  to  be  in  faint  nebulous  oonnection ; 
hat  neither.  Dr.  Roherlfi  expressly  states,  gives  indications 
of  posaasfiing  a  spiml  fonn.  Their  spectra,  which  are  probably 
diBcontlniioufl,  have  scarcely  been  examined. 

That  of  *'a  fine,  pale-white  object""^  in  CaDCs  Vonatici  ia 
known  to  be  oontiuuoue/     Dieoovered  by  M*jchain  in   1781. 

'   C'flHpta  HmduBt  t.  cextl  p.  llQi. 

'  Fkii.  TVfliw.  Tcl,  c\i.  [L  713  ;  Traan.  Eotff^l  Dulriiit  Socift^f,  vol.  ii.  ji-  82. 

■  W*hb.  CeleHuit  fAi«M,  voL  Ij.  p.  188  (fith  edition). 

*  Trtnu.  Rir\fat  Dvbhn  SiKtity,  poI.  ii.  p-  fil, 

^  Aniwt/H/7f,  TuL  jLTiU.  p.  aSS- 

*  Hnrmrd  Anixah,  td],  jmilt  [■■  144- 
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M  94  CN.G.C.  4733)  is  larga  aod  bright;'  its  nucleus  which 
ih  granular  in  tiixtute.  &ad  evidently  globular  in  Ehape,  beaiij 
Burrounded  hy  a  zone  of  estromely  dim,  and  that  again  bj  « 
zone  of  reUtivolj  iateiiBO  luminosity.  The  outer  anniilai 
appears,  ia  a  photograph  taken  by  Br.  Roberts.*  to  be  hrokea 
up  into  nearly  a  down  irregular  atar-like  cioudensationa  Two 
Hbrui^t  oj^jiOBite  projectiona  From  it  eiplaio,  posKibly^,  the  quaa- 
spiral  afipeot  of  tbc  nebula  in  the  Kobso  reflector. 

A  circular  object,  one  minute  of  arc  in  diameter,  and  of  a 
^'  lucid  pttlo-Uue  colour"  waa  met  with  by  the  elder  Herschel  ia 
the  constellation  Hercules^  and  ranged  in  the  planetary  oIa«* 
(X-CI.C.  6299).  D'Arreet  described  it  as  h  "nebulous  disc' 
invet^ted  mlb  a  "  nebulouB  nhentb/  so  that  its  jiaflBuig  ior  a 
comet  ia  1819  ia  easily  iinderatood.  Neverthclesa,  Sir  Wilhua 
Huggina  found  it  to  shine  ^th  pert'eotl^  contmuouB  ItgblH* 
and  it  was  thought  at  ParsonBtown,  on  9th  May  1372>  to  be 
reeolved  into  a  globnlar  clufiter.*  It  should  be  added,  howeveiH 
that  an  unilaubted  pUnetiiry,  N.G.C  202:2,  waa  seen  with 
the  same  iuHbrument  under  &  aunilar  illufiory  afipecb^  Then 
18  indeed  muc^h  difticulty  in  admitting  the  nebula  in  Herculea 
to  be  a  genuine  ohiater.  Ita  ccmetary  envelope  and  the  azure 
caet  of  its  rays  are  almost  contradictory  of  a  sti^Uar  compoeition 
But  until  a  pbotop^aph  of  its  spectmin  ha«  been  obtained 
nothing  ca.n  be  i]€!tinite1y  usserLed  on  the  &ubject>  Tlie  quantity 
of  lights  available  for  analysia  is  about  equal  to  that  given  by 
a  ninth-magnitude  etar^ 

A  nebula  in  Virgo  (N.G.C,  4900)  looked,  when  ill-sc«n 
with  the  Eoaae  reHector,  something  like  the  Owl  planetary  in 
Ursii  Mitjnr.^  A  Imgbt  pitch  tn  the  tentre  weemed  to  have 
dark  spots  ou  either  aide,  the  whole  liting  surrounded  by  a  lucid 
annuluB  or  coil  Yet  on  a  plate  erpoaed  at  CnrwborDi^ 
during  three  houre,  go  spiral  structure  emerged  to  view,  although 
the  nebulous  condeasationa  visible  in  the  interiorwere  judged  to 
be  of  the  land  UHually  found  to  accompany  epirality"     The 

■  J.  HerachqJt  fhit.  Traru-  vaL  cjuiii.  p,  131 ;  Roue,  TVdM.  AoyvJ  iXttiw 
S<«iety,  vol,  ii  p.  132. 

"  OeUetial  fhator^phu,  vol,  l.  |i,  Pi. 

'  Smyth,  OeitMial  Ciicle,  !>.  472 ;  Wi-1>b,  CeUstiul  Oi^ttt,  toL  ii.  p^  1S7. 

*  Thil,  Trajn.  vol,  pM.  p,  »W0;  HartHTd  Aum&i/i^  woL  wiiil.  p.  144. 

*  JVbws.  Koyal  l^riWirt  Sxteiy.  vol,  jI  p,  ICO, 

*  i*ii  p,  laa.  ~-  Cel^ial  FAotoffTo/iht.  vol,  ii  |.,  m^ 
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formation,  indeed,  looks  completely  amorphous.     It  ib  probably 
of  a  non-gaeeoufi  nature. 

The  mutual  relationships  of  many  of  the  nebuhe  just 
described  are  doubtless  very  close-  Their  elucidation  offers  a 
tempting  and  profitable  field  of  research.  Specimens  in  some 
respects  anomalous  are  often  the  most  instructive  to  study. 
Abortive  features  may  be  found  in  them,  or  half-developed 
characteristics,  isolated  from  theii  accustomed  surroundings^ 
and  thereby  laid  bare  to  scruUny.  Advantageous  etandpoints 
for  comparison  and  correlation  would  thus  be  gained ;  and 
where  these  are  effectively  practicable,  science  cannot  miss  the 
l>ath  of  progress. 


CHAPTER    XXXrX, 
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Tqe  occurrence  of  load  chuoges  of  brighlneas  ib  reasooablj 
certain,  aa  we  bave  seen,  in  some  of  thta  great  irregndar  ot^hoLt^, 
und  may  lie  huapectpcd  id  otheiK  VaruibQity  affecting  eui^Ier 
objects  in  their  entjietj  mast  then  be  admitted  as  poefiible. 
No  dottbt  the  phcnomanon  would  introduce  ideas  difficult  to 
adjust  dLd  uneiqjected ;  but  the  heavens  are  full  of  9Urpiue& 
The  immudiat^  question  to  be  put  regarding  it  is,  Does  it  really 
aubaist  ?  The  answer  must  be  given  with  estrtTue  c 
tion.  The  viflibih'lHy  of  nebuhu  depends  upon  coutrast ; 
bkckneefi  of  the  ek7  has  aa  much  to  do  with  it  oa  the  brigbtneM 
of  the  fikay  ma6303  projected  against  it.  They  are  boaid 
to  disappear  with  high  magnificAtion,  and  that  for  two 
First,  b«cflufle  of  the  diffusion  over  a  larger  area  of  the  niM 
quantity  of  light  i  seeoixily,  beuaiiae  of  the  reetriction  of  ihft 
background  \n  natiower  fields  of  view.  Hence  there  iwe 
drawbacks  to  the  employment  of  largo  telescopes  in  nebular 
obaervatiou.  The  history  of  Tempol'B  iferopc  nebula,  marked 
by  vicisaitodes  ascribed  again  und  again  to  intrinsic  cauBee.  now 
fully  recognised  as  non-existent,  is  a  warning  against  hae^ 
concliiHions  on  ho  delicate  a  point.  The  les80D  has  indeed  lie^n 
so  thoroughly  learned  that  changes  cf  the  sort  have  of  lute  been 
announced  only  with  a  certain  timidity,  and  under  reaen^ 
Caution  in  the  matter  can,  indeed,  hardly  be  blamed  for  es- 
agg^TatioTi,  in  view  of  Swift's  remark  tbat^  after  the  Krakatio 
eruption,  many  faint  nebidiB  absolut*?ly  disappeared.'  Not 
need  we  go  beyond  Cbacomac's  "temporary  nebula'*  for  in 
exemplification  of   optical  capricea.     On  19th  October  1855 

'  Sidnreni  Mffnten'j^f,  toL  iv.  p-  d, 
522 


VARIABLE  NEBVLM 


523 


the  Freocb  obflerver  noticed  a  atriuted  haze  (N.G.C.  1988) 
atlJiehed  to  tUe  fltar  f  Tauri,  which  seemed  to  have  gamed 
brightnesfl  in  the  ensuing  Jaoaary.  No  ore  else,  however,  aaw 
it,  aad  it  had  vaoiahed  by  20th  November  1862.  According 
to  Tempel  it  never  Bhcne  in  the  aky,  but  woh  a  telescopic 
creation — a  false  ima^^  of  an  eleventb-magnitude  Btar  near 
f  Tanri;"  and  Burnham  unhedtatingly  adopta  thi3  opinion.- 
Thirty  years  later  its  reality  could  have  been  tested  hy  photo- 
grapbic  mBaii^ ,  but  aabrDuomera  in  those  daya  had  to  rely  upon 
the  fallible  human  retina. 

Cbooornao's  phantom  formation  emerged  near  the  site  of 
two  genuine  nebular  Novte.  On  lltb  October  1S52,  Hind 
detected,  close  to  a  star^  then  of  the  tenth  magnitude,  but  since 
registered  as  an  iiregultir  variablt  under  the  deaignalion  T  Tauri, 
a  dim,  round  nebula  (N.G.C-  1E55)  which  brightened  Hte^dily 
until  1856,wheait  was  obvious  to  general  obaervation.  A  com- 
paratively rapid  decline  enauod  Anwere*  couid  l>arcly  diBeem 
the  object  with  the  Kdnifjeberj;;  helioiiieter  in  January  1868  ;  to 
d'Arrest/  nsiog  the  eleven-ioch  Copenliagen  refractor,  it  was 
wholly  mvisihle  3rd  OcUiIwr  1801;  in  18C3  itwag  vainly  wught 
at  Paris  and  at  Malta  with  Foucault'fl  and  La&aeira  great  mirrore  ; 
Hind  himself  was  unable  to  find  it ;  tSecchi,  under  the  pure 
£oman  sky,  was  equally  unsuccessful ;  only  at  Pulkowa  it  con- 
tinued to  glimmer  just  jiereuptibly  for  a  few  months  lon^rer. 
From  1863  the  sky  in  its  place  seemed  a  dead  blank.  At 
last,  ISbli  Ot^tober  1^90,  Mr.  Buruham  requested  [ua <:olleague. 
Professor  Barnard,  to  exruninc  the  region  with  the  Lick  thirty- 
edx-inch,  whereupon  a  ncbidoaity  about  50"  in  diameter,  and 
so  faint  as  to  be  at  the  limit  of  vision,  was  detected^  (eee 
Fig,  49).  Bumham  too  saw  it,  hut  balieved  that  he  could 
not  liave  done  n(i  inde|jendently,  hia  Hplendid  powers  of  night 
being  better  adapLed  bo  the  discernment  of  concentrated  than 
of  diffused  Ught-raye. 

The  nebula  wae  again  observed  by  Barnard — and  with 
somewhat  increased   foiility — in   February    ISSS.*^       Seven 


1  DreyBr,  JWrauriri  Ht^  Astr.  SoaeCu,  toI  illi.  p.  215- 

•  Agtr.  ^ach.  He.  15S1.  •  IbuL  Ho.  I36S, 

^  l,ick  Ptitflieafiom,  tdI.  ii.  p.  173^ 
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months   later  he  wu^  runazod  U>  find  it  uttexly    goneT 
Kea.reh  mm  repeiiteil  ou  tluee  uighta,   imJer  supremely 
cooditioDft  with  tbe  same  cegatjTc  result     And  the  objecl^fofj 
from  evading  the  gtu^p  of  Jarge  apettureflj  is  peculinrly  fitted 
obeervation  with  them,  awing  to  ita  Bioftll  aiBe  Bud  com 
shafw.     Nevertheless,  the  forty-inch  Yerk^s  refractor  fai 
nbow  it  at  ftU  in  1897,  and  barely  emihleii  Barnaxd  to 
glimjiHe  of    it.  28th  September  1898.^        Finally,  Profi 
Kseler  obtained  faiat  ima^  of  ib  ou   two   Croaele;  pLitc^ 

vicpoaed  during  four  houj^ 
oadi.  in  Decemher  1899.' 
A  iXi^ty  of  his  druwing  from 
tliem  ih  given  in  Fig.  50. 
lb  exhibits  the  uebida  ai 
couiposod  of  three  vag\iely 
delinud  patched,  united  by  & 
dim  Imze,  the  camera  bavio^ 
,1ft  (isujil,  ilewriud  fitnicturj 
complexities  iuappreciabii 
hy  the  eye.  Ou  20lii 
1900,  th«  gr«a( 
just  availed  M 
hring  it  into  view,  and  it 
has  not  Btnoe  beea  hoaid 
To  Professor  Keeler  it 


»r*Wi 


TTBMi — 


Januaty 
ri'friictor 


lath  OtiWbar  IS0O  <3innnl  J. 


of. 


appe^ired  tnconoei viable  th&l 
in  itB  present  obdcuro  stftM 
it  Go^ild  ever  have  been  seen  with  amall  telescopes  ;  and  indeed 
the  evidence  of  vnrmbility  Ib  coneliisive.  Will  it  ever  recover 
any  of  its  lost  brightnesH?  Tt  may  be  doubted.  The  clizititfei 
so  far  undergone  by  it  have  been,  though  comparatively  aIov, 
strictly  analogous  in  eh^iraeter  to  those  of  "nevr"  stan;  % 
preeamption  heoee  arises  that  it  will  slmre  their  fate  of  pK- 
manent  ejcticction.  There  ia  much  reason  to  suppose  tli&l 
Hind  noted  in  1  352  an  early  stage  of  ita  kindliug;  tbfil  iu 
maxiraum  in  1855-56  wag  solitary,  its  decleneion  inetrievabki 
Strange  to  say,  the  phenomenon  waa  duplicate  While 
looking  fruitlessly  for  Hind'e  nebula,  Otto  Struve  came  upoD 
another  iiniamiliar  object  (N.G.C   1554)  4'  east    of  its  pf«- 

^  N'fltthly  Jfciiea,  toI  lij.  p.  B'fl.  ^  HtvL  »oL  Ik.  p.  4£4- 
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decessor'a  empty  place,  ThlB  was  e&rljr  in  1 B  6  d  ;  and  the  IJova 
— for  d'Arrest  was  sure  of  its  previous  non-ezisleiice  ^ — wn* 
kept  in  view  iiatil  1S77,  when  abeoluta  ob]it**ration  iM>verifl.l  it. 
Even  Bftmard'a  quest  for  it  in  1890.  18^5,  and  1899  was  in- 
effecto/tl.  Its  fonner  positioo  is  Toarked  in  Keeler'a  drawiug 
(Fig.    50)    by    the    IhirbeeDth'imagnitnde    Btiir     b,    but     tio 
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nebulouB  impieesion  was  there  mode  upon  the  pLitoa.  Dr, 
Koberta  had  indeed  already,  in  1800,'  vouched  for  its 
pboto^pliLC  disappearance  When  last  Been  by  Tempel,' 
8th  Novemlwr  1877,  the  nebula  was  90"  acroas,  and  d'Arreat 
had  expressly  recorded  the  presence  in  it  of  an  eccentncaUy 
Bituated,  though  definite  uucleuA. 

1  AHr.  ^^a£k.  Vo.  ]«Sfi  ;  fUnuiH,  MoM/iI),  XoliaM.  vol  It.  p.  44S. 
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Hindis  and  Struve's  nebulee  vgk  bright  enough,  as 
feasor  Bnraard  iwcalled  woodericgly/  to  be  ronked,  soon  after 
miilillL*  of  the  lfl.«l  i^eiitury,  in  Herachel's  first  and  second 
respectively,     fotb  were  watched  "and  meaeured  bj  the 
observers  then  living,"  and  "  were  eaailj  viaible  in  ordic&iy 
aoopea."    Yet  one  euivivos  only  as  a  iitful  ahimmer  ;  tbe  other 
utterly,  and  probably  for  ever,  quenched.       They  aic  pc 
obscurely  ucnnected,  and  the  system — if  Hucb  it  can  be 
— may  include  Lhe  nebulous  vari^ible  T  Tauri ;  although  ne 
and  star  aUke  seum  lo  HucLuiitQ  la  contplete  indepea 
of  the  others. 

Theae  are  the  only  authentic  iDBtamoee  of  temporary 
develop  men  tfl ;    but  allegiitiona    of   nebular   light-cha 
uomrnoa      Some  have  proved  i^undleus  ;  not  a    few,  h 
rest  on  a  solitl  Huhstratum  (jf  fact.     The  following  may 
epeDimcns. 

On  17th  Oiitober  17^0  William  Henjchul  discovered, 
far  fern  Algol,  "a  pretty  l>right  atar  with  two  faint  hraucht^ 
(N,G-C  1186).  Sir  John  verified  the  obBervacioa,  while  esti- 
mating the  star  aL  only  fourtefjith  magnitude  (about  twelfth 
on  the  raoderc  scale).  Yel  neither  It  uor  it*  apjjendages  coiii 
be  aeen  with  the  Paraoustowij  reflector,  and  d'Airest,  afta 
dilige&t  and  repeated  search,  attinned  decisively,  NoHnt  <ctak 
in  hoc  regione  tah  quid  no%  exslat  t»  e<elo.^  The  loet  object 
nevertheless,  came  again  iiito\-iGwin  1891.  On  31st  Januarx 
and  ^6th  February  cf  that  year,  Bigourdan,  u^stug  the  thirtMO' 
inch  Paria  equatorial,  perueived  it  &a  s.  twelMi-magnitude  stu; 
irith  an  unmiatakable  *'  fan  "  of  nebuloaity  spreading  fniiD  ifr 
over  1'  of  arc.  Only  a  fortnight  later,  Spitaler  made 
drawing  of  the  object  with  the  Vienna  twenty -seven-inch,  ajA 
d&seribed  it  aa  an  elongated  nebula,  not  regular  enough  to  b* 
called  elliptii^al,  2'  io  ejftent,  and  including  a  focal  star  of  Lb« 
eleventh  magnitude.'  And  Burnham,  in  the  FoUowiiig  Augiu^ 
"  readily  found  in  the  proper  place  a  ^^n^  A -magnitude  atar  ia* 
volved  iQ  a  faint  elongated  uebida  "  moa^turing  at  le&at  2'  or  5'.* 
During  the  course  of  1891,  accordingly,  the  star  aeema  to  htTft 

■  Jiotlkiy  Nifticn,  vol.  Iv,  p^  161. 
I  *  Qqotnl  hj  BlgcHirdan,  L'ompta  Hcndut,  L  czii  p.  471* 
'  Aatr,  jViia,  N'tB.  3030.  Diar.  ai*^, 
•  Publicatioju  nftAi  Lidc  ObservaSonj,  Tol,  ii.  p.  172. 
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been  progresaively  gajniug  light  and  the  nebula  compass.  But 
if  the  fltar  ou\y  were  variable,  the  altoclied  uebula  would  have 
appeared  to  Bhiiok  and  become  efikoed  ob  the  bright  point 
within  ib  acquired  intonaity.  Its  fdmultancous  inercaBO  could 
uot  have  been  coaoterfeited  Proof  wa»  afTorded  by  it  that  the 
growth,  Like  tphe  previous  failures  of  lummoBityj  were  due  to 
in^Lieiicefi  diffused  thii^ughout  every  part  of  the  formuCiou. 

The  next  variable  nebula  vt&B  a  "  find  "  of  Bamard'ti.  It 
wae  conspicuoUH  U>  him  30th  November  1888,  He  judged  it 
oquol  to  a  ninth  or  tenth -magaitiude  etar,  and  romainod  con- 
vinced that  iia  lucidity  was  of  lecenl  origin.  Three  yeare  later 
it  had  parted  with  quite  four-fifths  of  Ita  lustre,  and  bad  faded 
down  nearly  to  evaneftcence.*  It  ie  wtuaLed  in  Cetua.  No 
information  16  at  baud  as  to  whether  ita  decline  haa  contanued 
dnce  1891,  Unleaa  am-Atai,  it  muat,  before  the  century 
closcdi  have  carried  it  out  of  sight  even  of  the  ohemieal  retina, 
and  the  object  should  then  probably  be  relegated  to  the  class  of 
"temporaries."  The  question  is  of  great  interest,  and  might 
be  anaweretl  by  Caking  one  long-ciposed  photograph  with  a 
portrait-leoB  or  a  large  reflacbor. 

Thia  ia  not-  the  only  case  in  which  an  accession  of  bright- 
uess  has  been  thought  to  be  demonstrated  by  the  latODCSS  of 
discovery.  A  nebula  was  encountered  by  TuCtle  in  Draco, 
iKt  September  1859  (N.G.C.  6643),  which,  in  d'Arrest'e 
opLn^oa,  should  certainly  have  been  cauglit  in  the  me^thes  of 
the  Herechelian  nets  unless  in  their  time  comparative  obscurity 
had  enveloped  it.  Similarly,  n  nebula  in  Camelopardalifl  de- 
tected byBiirnard  in  1S89,^  and  again  independently  by  Denning 
in  lS90j'  could  not  long,  Barnard  cousidei'ed,  have  been  thuB 
readily  apparent.  He  recornmenilei]  its  being  kept  under 
fiurveiUance  as  a  probable  variable,  but  as  yet  it  has  sliown 
no  sign  of  being  so;*  unless.  Indeed,  Swift's  earlier  oboerva- 
tion  of  the  same  object,  recorded  without  date  by  a  simple 
entry  on  a  star-map,^  indicated  a  previous  maximum.  Another 
insiAuce  of  a  possible  rise  in  the  scale  of  luminosity  is  afforded 
by    a   smJilln   fairly  bright    nebula    in    the   Canielojiard,    first 

"  -rfiTi-.  yach.  No,  aOfl7  ;  Mdnihli/  Jioru-/*.  ¥ol.  Iv-  p,  ^52. 

"  JWr.  jVacJl.  No.  3097.  *  Oi»terraiary,  rol  it,  p,  104. 

'  Duiiia)$.  JUr.  Nack,  Nq.  Sill. 
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abfloired    bj  Dezming  30th    September  1891.  and 
agaiu  four  tlmee  in  tha  ensiuDg  month.      Yet  his  man^ 

vi[>u3  revievp'fl  of  the  sky-cDDtcnte  in  that  ueighbourh 
f&iled  to  elicit  any  trace  of  its  eiistenca  Like  Barnard' 
Tattle's  "new  "  Qebulfe,  however,  it  haa  appareatly  cnme  tt 
staj ;  and  since  variabilily  is  in  eidereal  bodies  usually  an  in- 
eradicable  proporty^  the  hypothesia  of  an  accent  frota  invi^ 
bilitj  cunoot  safety  be  Accepted  until  a  GorroBpo tiding  deecciil 
has  been  entered  npoo. 

The  iireguliir  variability^  un  the  uther  hand,  of  tW9 
nehulm  adverted  to  by  Winitecke  in  1877-78'  is  almost  incoa- 
t^Htablo.  The  £rst  (N.aC,  3€66)  is  in  Leo,  Elliptic  Ib 
shape,  Id  biw  90"  by  40"  it  wiiS  marked  "  very  bright"  ly 
the  elder  Heriwhel  15tb  March  1785,  but  "extremely  faict,' 
23rd  March  1830.  by  the  younger,  who  added  the  comnwnCi 
"  Thia  tiebula  uiiiBt  have  changed  gi^eatly  if  ever  it  belonged 
really  to  the  first  class/'  But  its  waning  was  not  defim- 
tive.  Boguaiaweki  inscribetlitaaa  W7/*ii)fr;Win  1840  on  did 
Berlin  Aoademy  et^ir-niap  of  that  region;  and  Wiimecke  found 
it,  lOtb  April  187S,  of  unquestionable  primary  rank,  Trt 
meantime,  iu  1863,  d'Arreat  had  deaoribed  it  aa*  suhi>bKvr,i, 
and  manifestly  of  third-<^lHsa  lustra ',  while  a^aiii,  on  24th  Maj 
1887,  Dr.  Dreyei-  perceived  ite  dixuitiished  radiance  only  wjtli 
the  utmost  difficulty.     Its  further  history  remains  untold. 

WinntK^ke'a  second  variable  (N-G.U.  955)  ie  an  inmate  ol 
the  crowded  nebuliir  district  in  Cetus.  It  consists,  Bumham 
says,'  of  long,  narrow  "  nebulous  wiuga  on  either  eide 
bright  central  coiideasHtioa"  "  On  the  whole,"  he  conn 
"  it  13  rather  a  curioua  object,  and  should  be  easily  found  aad 
seen."  This  was  in  1801, and  agreeaquite  well  with  Dreycr'?i 
notice  of  the  object  in  November  1887  as  "  fully  of  the  second 
elasB,"*  The  case  for  change  rests  upon  its  mvisibilicy  lo 
Schonfeld  ill  December  1861.  and  to  Vogel  in  November 
1865;  alLhongh  in  lf^5G,  ISSS.md  1868  it  had  been  seen  at 
A  glance  by  Schonfeld  himself,  no  less  than  by  d' Arrest  aud 
Winnecke. 


M 


Astr.  OtL  Jfthrsinff  liv-  p.  16?_ 

a  t^tbt.  lift  fJfuienatory,  roL  ii.  p.  172. 

«  U4rf%oir9  Scyal  Attr^  5«i*^y,  val.  xlii,  p.  313. 


TAEIABLE  NEBULdl 


529 


WiniiQckd'H  Qcbuls  ware  at  first  held  bj  h^m  lo  hv 
periodical ;  but  this  tliey  eerttunly  are  not.  No  fixed  relation 
to  tiruQ  has  bo  for  been  ehowii  Ur  govern  Lebukr  flu<;ULi1rioQj4. 
They  either  conaiat — according  to  the  lest  evidence  at  coauuaiid 
— of  a  solitary  maitimiun,  analogous  to  the  outburst  of  a  new 
star,  or  of  irregular  accessions  and  losses  of  light.  No  ease  of 
cyclical  recurrence  is  on  record.  Photography  ie  clearly 
lieetined  to  play  an  important  part  in  the  iuvet^tigation 
of  this  difficult  subject  i  its  aid  will  be  peculiarly  welcome 
where  visual  faculties  are  ofteu  bafiled,  ombarisssed,  aud 
deceived. 

Nebidar  variability  is  indeed  a  phenomenon  not  only 
evasive  to  the  senses,  but  startling  to  thought  It  cannot  be 
even  remotely  asaimikted  to  Lhe  light-changes  that  progrcAs  in 
certain  globular  cluatsTHj  it  ia  indtipendent  of  geometrical  con- 
ditions, of  orbital  uiovementa,  of  planes  and  perioda  Its  cause 
defies  conjecture;  wo  can  only  bo  aure  that  it  actfl  upon  a  pro- 
digious scale.  Thus  Hind's  nebuia  in  Taurus  mcusurod  at 
least  2'  acrosSv  Its  parallax  weis  almost  certainly  less  than 
one-tenth,  and  may  not  have  exceeded  one-hundredih  of  a 
second.  The  larger  vUue  would  give,  for  the  euuillcst  ad- 
missible linear  diameter  of  the  object,  1200  astronomical 
unite  {radii  of  the  earth's  orbit)  or  111,000  million  miles. 
Centred  on  the  fiun>  it  would  extend  on  every  Bide  to 
twenty  times  the  distanee  of  Neptune,  the  e<iuation  of  light 
within  the  vast  formation  being  eix  and  a  half  hours. 
Yet  it  kindled  aa  a  whole,  through  the  pervailing  influeneo 
of  aome  far-reaching  event.  Did  another  dark  nebula  sweep 
through  it  ?  We  dare  net  pronounce.  Ite  myBterious 
brightening,  however,  hints  at  the  existence  of  en  indefinite 
multitude  of  Gtcailar  bodies  lurking  in  the  obscurity  from  which, 
by  some  rare  cliance,  it  emerged.  It  introduces  us.  in  fact,  to 
a  realm  of  invisible  nebuUe,  impenetrable  by  observation,  and 
hence  pre-eminently  adapted  for  the  sports  of  aciontifio 
tancy. 

Hind's  and  Struve's  vanished  nebuke  were  presumably  of 
gaseous  composition,  like  the  adjacent  glow  round  T  Tauri;^ 
WinneckL^'e  variable  pair  douLtleas  shine  with  the  white  light 
Gharacteria&ic  ot  the  elliptic  family  to  which  they  structurally 

Ftihl.  Lick  Obxrooiory,  vol.  IL  p.  170- 
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belong.  BMir  Mboteneaa  fiom  the  Milky  Way  poinu  tc 
s&me  ccaidtMioil,  Lnminoim  iostaliility  does  not  Ihtsa  b] 
to  be  aAoeinted  ill  netitil:^  with  any  sp^cinl  radiBtive  qv 
Those  gtring  llOStinuoud,  &nd  those  ^Tuitf  diaeoabu 
spectra  waftqimify  be  iflWI  ty  it. 
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The  relations  of  while  to  green  nebulpe  are  obscure,  Unitivo 
lioks  between  the  two  claases  have  yet  to  be  established.  In 
most  respecbs  they  staml  at  pifesent  widely  Bp&rL  They 
present  a  Buper&cial  likeiie&e.  but  their  dieaiinil&ritifB  seem  tc 
}*e  radical.  They  are  unconnected  by  any  marked  apectral 
nfiinities;  they  differ  oiganieally  m  structure;  their  diatribu- 
tion  on  the  sphere  is  regulated  by  opposite  principles.  Hence 
their  genenlogical  precedence  remains  unsettled-  It  would 
be  rash  to  say  Lhat  eit-lier  family  developed  from  the  other,  or 
even  that  they  are  collateral  offahoota  from  a  common  stock. 
That  a  line  of  conticnily  will,  sooner  or  later,  become  trace- 
able ia  more  than  likely,  but  wo  must  wait  for  the  guidance 
of  facta  with  regard  to  it ;  premature  divinatory  efforts  are 
usually  good  for  less  than  nothing. 

As  to  the  conatitution  of  ivhitpe  nebula,  we  aeem  on  the 
Terge  of  knowing  something  definite.  Preiaonitious  of  their 
being  a  speciea  of  fine-grained  stflr-cluster  have  become  audible. 
The  subject,  however,  is  not  tipe  for  discuseion,  A  compma' 
tively  advanced  stage  has,  on  the  other  hand,  been  reached  by 
the  problems  L-ouneeteil  with  gaseous  nehuljp,  since  their 
Fpertra  let  us,  to  a  certain  extent,  into  the  secret  of  their 
ccmposition.  This,  on  the  whole,  seems  to  be  remarVahly 
uniform.  Individual  difierenceB,  it  is  true,  both  physical  and 
chemical,  distinguish  the  various  members  of  the  clasa;  but 
they  are  of  a  subordinate  kind.  We  may  Chen  safely  attempt 
to  generalise  aa  regards  a  few  of  their  more  obvious  pro])erties. 
Three  of  these  can  be  at  once  enuniBruted : — 
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(1)  Gaaeotia  oelnUie  ue  almoflt  perfectly  tnnspftieat' 

(2)  Tbey  sbiiie  with  ©itreme  feebleness. 
(3}  Their  man  is  TaDishingly  small  in  proportion  ic  I 

We  will  tttke  each  point  aeparately.  That  nebubt  o^ 
^ipnciable  obaUcie  Ic  the  tjanamiaejoii  of  light  is  attagted 
tike  tm&ltered  cadiAnce  of  sUrs  tuning  throngh  tb&OL 
abfiorpiion  that  cad  ponibl^  be  due  to  the  tMemic  fog 
whinh  th^T  are  [ilnnged  to  depths  of  many  millions  of  mil 
b  tracvalfle  in  the  apectpra  of  Buch  objecte  sd  0  OrioniH,  of 
Opbinchi,  of  Maia  or  Mcropc  in  the  Pleiades,  Situiloxly.  if 
ccdtral  etara  of  pkoetaiy  nebolfe  ahine  through  &n  inLeipiMt 
medium,  tb9  extent  of  which  is  m«a£iii^  by  the  radias  of 
gaaeona  globe ;  and  this,  hj  a  rough  miQimam  eetunatft, 
larely  be  leas,  and  must  often  be  a  great  deal  more  (fat 
^0,000  to  G0,000  million  milea.  Yet  from  the  heart  of 
sxtiaordinary  fomuLtiona  the  li^t  of  tbcir  nuclei  comes  to 
BO  far  as  it  ia  posaible  to  jndge,  abAotntely  iutact.  The  ii 
poteacd  of  cometa  for  light-etoppage  is  thus  vastly  enhsDOl 
Id  nebulx. 

The  feebleneaa  of  their  luTniuostt7  is  a  matter  ot  din 
nbMrvatlon.  A.  ahining  EuperEcieSn  unlike  a  abiniDg  pcu 
loBes  none  of  ita  luatre  with  increased  distaace.  Its  am 
coiirao  diminishes  according  to  the  law  of  inverse  aq 
every  minute  element  of  that  ar«A  continues  to 
the  same  intenaitj  as  before.  The  sun.  for  instance,  ia  co 
hrigKt  aw  viewed  from  Neptriine  than  when  it  orosaes 
meridian  of  Khartoum,  but  it  is  900  times  siruilUr,  So 
the  nelulro.  They  are  really  as  faint  as  they  api>ean  Us 
the  beat  available  data,  Mr.  Ranyard  arrived  at  the  oond 
that  &  planetary  of  the  tnoet  vivid  kind  emite  per 
mile  lesB  th&n  ^f-^\w^  miUianth  of  tb^  light  sent  ab 
the  solar  photoephere.  Thia  implies — adopting  the 
Langley'fl  experiment  at  Pittsburg — that  wMte-hot  iron  gl 
at  least  4,000,000  times  more  powerfully  than  the  bluish 
of  the  "Saturn"  or  the  "'Owl"  nebula.  Moreover,  the 
in  areal  luatre  between  one  nebula  and  another  re 
actual  varieties  of  emisaive  Htreugth.  Remoteness  has 
to  do  with  producing  them.     A  dehiliBsiina—a  *'  br^th 

^  Buiy&rd,  Kmju/Utiga,  vckL  it.  p>  1S2. 


ne-ar 
vault  through  which  Huygeas  hiiir-imjigmeci 

I  empyrean  fires. 
Finally,  nebuhc    being    prodigioaaly  voluminoug  and   of 
apparently  insignificaiLt  mosa,  lauet  be  of  exceedingly  law  mean 
density.      This  fundam^ntfll  fact  wub  realised   with    uncom" 
pvomiRin^  discinctnesH   liy   Mr.    lUnynrd  in  1692.'     Taking, 
For  illut^trative  purpc^es,  the  Orion   nebiilft  to  be  a  sphere  20' 
k  in    diameter,    composed    uniformly    of   materi&le    1,000,000 
■   timee  rater  than  fttmoflpheric  air  at  sea-level*  he  found  that  ita 
mass  would  be  such  gs  to  impEtrt,  to  a  body  at  a  distance  from 

I  its  centre  equal  to  that  of  a  Centauri  &om  ouiaelvea,  a  circular 
velocity  of  180,  or  a  pnraliolic  velocity  of  255  miles  |«r 
Becoiid.  In  the  neighliourhood  of  the  nebuhi,  accordingly, 
there  should  he  a  marked  pre^-alence  of  large  proper  motions. 
A  QUiSy  tnivelling  across  the  Lne  of  eight  under  the  iofluence 
of  ItH  attraction  at  tbo  rat;e  of  100  miles  a  second*  would,  it 
was  shown,  have  an  annual  di^lacement  on  the  sphere  of  no  less 
than  25'5",  and  thia  independently  of  remotenenfl.  For  with 
the  same  angul&r  dimensions,  the  BoUd  coutenta  of  the  nebula 

I  would  incTease  a^  the  cube  of  tbe  difitance  aaaumed  for  it; 
wliile  the  seeming  velocities  of  bodies  in  gravitational  depend- 
ence upon  it  would  under^  no  change.  This  ia  rendered 
obvious  by  a  moment's  consideration.  For  take  any  given 
star  circulating  round  ita  centre  of  ^-ravity  at  the  rate,  let  UB 
auppose,  of  100  milea  a  aecond  And  let  u»  fiirther  suppoaa, 
to  begin  with,  that  the  distance  of  the  system  te  such  that  light 
would  Bijenil  ten  ycara  on  the  journey  thence  to  our  eyes.  Let 
ua  now  double  that  difitance  and  follow  out  tbe  oounequeueea. 
Firet,  the  nebula  is  eight  times  more  massive  than  would  have 
comporleil  with  the  previous  arrangement.  Next,  the  revolving 
star  is  twice  as  Far  from  it  as  before,  since  the  apparent  interval 
hoe  not  chan^L  Whence  we  easily  gather,  by  the  application 
of  Kepler's  third  law,  that  it  now  moves  with  double  its 
previous  speed.  But  its  distance  baa,  by  hypothesis,  also  been 
doubled ;  consequently^  its  proper,  or  apparent  motion  remains 
just  what  it  was.  If,  then,  the  stars  about  the  Orion  nebula 
were  really  in  swift  circulation,  they  should  appear  to  be 
conspicuously  progressive.     This,  however,  is  so  far  irom  beiog 
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th«  c&eo  tb&t  the  region  is  one  of  exceptional  fi: 
ep«ctro6copic  iBfonnation  at  conuDoiLd  if  U>  a  «orT«apoci^ 
effect.     The  aix.  brightest  stars  of  tbe  coiiBtellAtioii,  me&T 
at   Fot«ii&m  in  1392*  proved  bo  be  aJ]  aSacted,   in 
degrees,  l)j  the  retfrcal  of  our  system  from  tliat  locality  of 
heaveus^  but  g&ve  no  ai^na  of  tr&velliiig  rapidly  on  tb^ 
account.     Tlie  conclusion  is  incTitabk  that  the  Orica 
— and  it  may  be  *uxiepted  aa  typical — coDtaius   b 
IdSR  matter  than  shotilJ   be  coznpnwd   bj    it  if   its 
deuaitj  were  tbat  of  a.  Crookes  Tacuuio.     Mr,  B&njrard.  ii 
oaaigQed  to  it  a  cODsisteace   not  esoeeding    i^^^^millioi 
that  of  air  at  Btandard  preseure,  which,  he  continued,  ** 
about  correspond  to  thd  med^n  density  of  the   solar   nebi 
maaa,  eupposing  it  to  have  been  spherical  when  its  radiiu 
a  little  more  than    107  astronomic-al  unite,  or  wheo   the 
occupied  a  sphere  with  a.  radius  of  a  little   more   than 
and  a  half  timcB  the  didtanc^  of  Neptune.*'      The 
Bolor  eystom  in  thoee  daye  lay  mofded  in  the  ha^e  of  a 
planetary  nebula. 

Yet   it  ia  imjtcssiljle    to  conceive  of  uebuUe    aa    fi 
umply  of  matter  in  an  aerial  conditiou-     They  are  na 
vague    eSusiona.       They    poaaesa    de^te    aad    cliai:acl 
structure.     Lord  Bosse,^  iudeed,  thought  sharpness  of  ooni 
distinctive  of  the   gaeeoua  tdnd      Mr-  Maunder  ^  speaka 
their  ''  strRu^  and  complicate  shapes,  showing  hdre  and  tl 
fitrangly- marked  outlines  "  ;  and  he  adverts  to  the  diffi* 
of  explaining  this  peculiarity  in  v&at>  uncontrolled  exteuaiL 
of  rarefied  gaa.     The  abolition  of  this  incongruity  yms 
of  the  strong  points  of  Sir   Norman    Lockyer's  "  met^tdl 
hypotheeia"  of  nebular  constitution.     Ite  spectrodcope,  it 
true,  pronounced  against  it ;  nebular  chemistry  has  Tory  ht 
in  common  with  the  cliennstry  of  "  uranoliLlis  "  ;    yet 
much  that  was  precarious  or  unsound,  the  valuable  Idea 
introduced  that  a  proportion  of  solid  matter  must  enter  iat 
the  compoaition  of  nehulro,      Its  condition  and    diBtril 
however,  remain  unknown.      It  would  eeem  to    be  de^ 
light,  for  the  f^int  oontinuoufi  spectrum  accompanying 
nsbular  bright  linea  would  \ie  diapbiyed  even  by  a  homi 
gueoua  mass,  uidesa  its  radiations  were  of  purely  sui 

'  FMl.  Tmiu.  Tfll,  oJTili.  f.7*L  *  JCii^iBitdfft,  voL  wxx^  p.  HL 
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origin.^  Eat  here  we  meet  the  unreBolTed  eaigraa  af  nebular 
luminosity.  How  do  they  shiue  ?  Is  it  throiigii  the  direct 
agency  of  he^t  ?  Expeiimeat-al  evidence  doe^  not  countenance 
this  view.  In  the  labomtory,  hydrogen  and  helium  can  be 
induced  to  give  out  their  ch&ructeriGtio  rays  only  under 
the  stresfl  of  electrical  excitement.  The  ccDcomilanL  high 
temperature  might — as  Sir  William  Hnggins  poinltd  out  in 
1891  ^ — prevail  only  along  the  path  of  the  diBtharge,  while 
the  aurroundii^  gaaea  lemntDed  cool,  producing  inequalities 
in  heal- distribution  Bimilar  to  those  believed  to  cnet  in 
vacuum  tubee-  If,  on  the  other  hand,  nebular  emisBions  were 
of  aimply  thennal  production,  the  whole  radiating  masa  Bhould 
lie  at  nearly  the  wirae  pitch  of  incandeBcence  ]  for  if  the 
temperature  were  lower  ui  8ome  than  in  other  of  its  purts, 
ahsorptiou  lines  or  reversals  would  betray  the  fact,  and  the 
nebular  epectnun  bears  no  legible  marks  of  eclective  Uy;bt- 
Btoppaga  Vet  it  is  eminently  impTobable  that  forma- 
tion»  so  cireumstanced  are,  in  their  entirety,  exc^eaively  hot- 
Their  solid  iuclusiona  nhoulU,  if  they  wergj  (jlttw  |)0werruUj, 
and  strong  coutinuouf^  radiance  would  replace  the  dim  band, 
grey  through  faintneae,  actually  seen.  On  the  auppoaiiion. 
however,  that  electrical  discliai^ea  cause  the  glow  of  ueJ-ulic, 
their  aver&ge  temperatui^,  judging  by  Br.  Scheiner'e  experi- 
mental results,  might  approzdmate  to  absolute  zera 

The  word  "  teiuperatui-e/'  indeed,  when  applied  to  mattur 
in  the  laet  stage  of  attenuation,  has  an  extremely  dubious 
meaning.  Taking  the  kinetic  theory  of  gases  to  represent 
the  literal  truth,  we  find  the  effecta  of  heating  upon  them  to 
be  twofold,  oaruely,  increase  (1)  of  tranalatory,  (2)  of  internal 
eaei^',  the  latter  being  perhapa  a  consequence  of  the  former, 
Since,  then,  their  coiiAtitueut  ^lartides  travel  faster  when  he^t  is 
applied,  they  come  into  mutual  collision  more  Erequeotly  and 
more  violently.  That  is  to  say.  if  their  number  per  unit  volume 
remaina  the  samo.  Let,  however,  the  density  of  the  gue  bo 
reduced,  other  thinj^  being  uncbanged,  what  will  ensue  ?  There 
will  l)e  fewer  encounters  in  et^ual  timcB,  but  they  will  iiot  l)e  leaa 
violent,  since  the  mean  rat^  of  the  molecules  has  undei^one 
no  alteration.     Hence,  apart  from  one  qualifying  circumstance, 

^  Clerk  Ma*flcU.  Thtojy  ^f  Btat.  lOtb  ed.  p.  3*6. 
'  Catd^Addrm.  ^.  SL 
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the  same  species  of  vibration  should  be  set  going  a«  when  iha 
gBfl  was  denser  and  equally  hot.  The  qualifying  circnmattM 
la  thiB-  During  the  lengthened  intervals  between  tin 
colliBjocfl,  the  moleculea  are  radiating  —  that  is,  im 
energy  to  the  ether.  Tf  their  free  paths  were  a 
protnM'te<l»  they  wculd — if  that  be  poamble — lose  all 
possese,  and  need  to  be  fully  restocked  at  each  en 
Thi:i  comporatiTo  isolation  of  the  molecules  would  accordingly 
result  in  their  being  mostly  dark^  and  what  we  must  c^Jl  tdis 
80  that  the  extreme  subtlety  of  matter  aeems  incompatibli 
with  u  high  teiupexHtun^  in  any  intelligible  sense  of  the  tenK 
But  there  is  more,  Eeduction  of  pressure  would  have  for  i' 
immediate  result  a  general  diminulioa  of  luminosity.  Id 
alt  probability,  it  would  also  produce  a  ecloctive  efiect,  &S 
if,  as  ^ems  likely,  certain  modes  of  molecular  vibration 
are  metre  persiatenln  thau  others,  they  would,  with  the  pro- 
gress of  cooling  after  each  impact,  lend  to  predominate,  auJ 
the  balance  of  intensity  Euuong  the  spectral  lines  of  a  glowii^ 
gafi  would  thus  be  eensibly  altered.  Here,  then,  an  ei< 
planation  might  be  sought  of  the  spectral  anom&li^  of 
hydrogen  in  nebulte,  Nevertbelees,  il  does  not  run  qniw 
smoothly,  since  up  to  the  limit  of  possible  rarefaction  is 
vacuum  tubes  the  urimHon  line  of  hydrogen  yains  consistently 
in  strength.'  A  correpponding  difficulty  presents  itaelf  in 
connection  with  the  helium  tipcctrmn,*  "  Green  tubes  "  on 
at  a  higher  degree  of  exhanstion  than  "yelloWn''  Yet  lA 
nebuliv  the  greea  ray  ia  invisible;  nebulai  heliiun  radiates 
only  I)j,  with  a  few  members  of  the  same  "  set,"  By  meana 
of  artificial  exhaustioo,  accordingly,  the  nebular  spectrum 
cannot  apparently  be  imitated.  The  only  experimental  dua 
to  its  origiuH  In  fact,  is  in  Professor  J.J,  Thomson's  obeerratiou 
(already  mentioned)  that  F  and  C  are  of  interchangeable 
intensity  at  the  negative  and  positive  poles  of  a  hydiog«ft 
tube. 

To  recapitulate.  Two  funda mental  problems  reganlin^ 
gaseous  uebuliE  press  for  solution — one  connected  with  their 
structural  forms,  the  other  with    the  nuture  of   their    light 

*  K  a.  Ferry.  PAywcai  itci«io,  Vfil.  tiL  p.  fi ;  Lawii,  AatropJi^  JoKnL.  nL 
11.141. 

'  Maunderi  Knoviedgt,  vol,  xii,  p.  384. 
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Do  they  contiauoueljr  fill  the  spaces  tbey  appear  to  occupy,  or 
should  we  ti^'ure  them  to  ourselves  ^B  collections  of  discrete 
bodies  comparatively  wide  apart  ?  In  the  former  case  the  daric 
gapK  and  chasins  wJiicli  form  om'  of  their  le&dJDg  featurea 
should  be  aacribed,  not  to  the  s^Wnce  of  matter,  but  to  defect 
of  ohining  power^  iUuminative.  not  architectural  contours 
being  diaolosed  by  theau  In  the  latt«r,  chiaroecuro  cfiects 
would  be  reliable  indices  to  the  diBtribution  of  materiab 

Secondly,  we  are  conironted  with  the  myeteiy  of  their 
shiniug.  Why  and  how  are  they  laceiit  ?  Are  they  bright  he 
a  consequence  of  tbennal  or  electrical  atimulalioD,  or  ia  their 
TEidiance  aome  undefined  apedea  of  lumineBoence  or  phosphor- 
eeccnce  f  The  answer  must  be  given  in  view  of  the  thiee 
following  peculiarities  of  their  spectra:  (1)  The  le^t^ 
hydrogen  line  in  them  is  F,  not  C.  (2)  Helium  shines  in  them 
ae  if  in  a  "  yellow  "  tube.  (3)  Heveisals  Are  ubseut ;  lines  of 
ftbsorption  make  no  aaaitred  appearance,  either  as  saperimpoaed 
npon,  or  as  subjacent  to  lines  of  emission.  None  of  theoe 
points  are  eaay  to  decide.  Their  consideration  involves  doubts 
and  queries  of  aa  abstruse  nature;  but  it  will  not  therefore  be 
neglected.  Indeed,  such  a  region  of  inquiry  as  is  here 
preepnle^b  whem  we  feel  that  *it  ^very  alep  the  Unknown 
may  merge  into  the  Unknowible.  baa  a  particular  and  an 
iUimiUble  iawinatioD. 


il9 
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THE    PHYSICS    or   TEE   KILEY    WAT- 


Thk  Milky  Way  is  an  iotegral  part  of  the  great  sidereaJ 
ayateiJL  It  uiadtB  blie  equatorial  girdle  of  a  ispberc  contAimu? 
stara  and  nebulae  v&rioualy  scattpered  and  aggregated.  Tbe 
whole  material  creation  ie,  to  our  apprcheaaioQ,  enclosed  nithia 
thia  sphere.  We  know  nothing  of  what  may  be  beyood 
Thought  may  wander  into  tbe  void»  but  observalion  cannot 
foUow,  And  whi^re  its  fnitbful  escort  halU,  positive  acieiKtf 
GoiueH  to  Ji  HttiudatilL  fully  recoguifiiiig  the  lUimitable  p)s»' 
bilitiea  of  Omnipotence,  vre  have  no  choice  but  to  confine  ofli 
researchea  within  the  bounds  of  the  visible  urorld  That  i\ 
has  bounds  is  evident  from  the  consideration  that  it  poaseflau 
shape  and  parts,  Inde&niCely  e^ctended,  star-filled  space  eooU 
have  neither.  Heace  it  offera  to  tlie  human  mind  an  in- 
telligible problem — b  problem  i^rhupa  too  lubricate  for  Jefimtivp 
solution,  yot  coming  well  within  range  of  attack-  The  siege 
operations  may  be  protracted  throi^h  many  a  campoign ;  bat 
in  conducting  them  we  shall  climb  from  peak  to  peak  of  tb« 
Alpine  chain  of  truth,  and  gain  continually  wider  views  of  the 
majeatio  auene  that  encoinpasaeft  and  ^iiehanta  na. 

The  Btruotural  relations  of  the  cosmos  may  evidently  be 
looked  at  from  many  sides ;  our  immediate  concern  is  with 
but  one  of  ita  aspecte.  Wc  have  only  to  consider  the  catnip 
of  the  materials  used  for  the  building  of  the  edifice  and  tha 
plan  of  their  apportionment  to  its  different  sections.  ThcA 
materials  coneisL  of  gaseous  and  white  oebulBu  in  aU  their 
varieties;  of  star  clusters,  globular  and  irregular,  and  of  the 
sundry  species  of  stars ;  and  even  a  cursory  inspection  aho«9 
that  they  are  not  piled  together  at  raudom.     Each  cIobo,  on 
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the  contrary,  obey*  its  own  law  of  diatributlon;  and  the  dia- 
tribution  of  sidereal,  as  of  animal  species,  la  the  outcome  of 
their  history,  a,  tost  of  thi^ir  longevity,  an  index  to  their 
nature.  Thoy  are  where  tbey  are,  because  they  are  ufhat 
they  are. 

There  seemed,  tweuLy  yeara  ago,  very  little  reason  to  itnti- 
cipate  that  the  photographic  method  could  ever  he  used  to 
advantage  for  investigating  the  physics  of  the  Milky  Way ; 
yot  it  has,  especially  in  I'rofoaBor  BariiardB  hands,  proved 
most  effective  in  that  ditlicult  branch  of  inquiry.  The  r^- 
quiaites  were  peoulIiLr.  The  galactic  drifta  are  made  up  of 
very  small  stars — iisually  of  fourteenth  to  sixteenth  maguittide, 
or  even  fainter, — and  the  eenaitive  plate  perceivee  them,  not, 
06  the  human  eye  does,  oollectively*  merged  into  a  nebulous 
surface,  but  one  by  ono  aa  light-poicta.  Heuce  their  rajB 
need  to  be  powerfully  coaceritrated  in  order  to  make  any 
ohemical  eFTeet  with  u  modemtely  long  exposure.  Mcireovet, 
the  field  must  l>e  lar^  enough  to  show  the  coloftsal  fr^rma 
into  which  these  stellar  units  are  grouped.  Toy  each  pictuie 
a  canvaa  of  at  Least  ICO  square  degrees  must  be  available. 
Henco  teleaoopes  of  the  ordinary  ty^xj,  howover  powerful,  are^ 
for  this  purpose,  entiiely  useless.  An  ordinary  village  photo- 
grapher's  apparatus  would  he  Tietter  adapted  to  it.  Professof 
Baruard  rhtained  his  remarltaUe  series  of  delineations  with 
the  "  "Willard  leas/'  a  doublet  of  six  inch^  aperture  and  ti:urty' 
one  focal  length,  constructed  at  New  York  in  1859.^  They 
extend  over  a  largo  part  of  the  Milky  Way,  but  leave  lacunc, 
the  filing  up  of  which  should  be  the  diploma-performance  of 
the  new  Bruee  lens.  It  might  indeed  be  suppo^d  that  a  few 
specimen  sky-scapes  in  galactic  regions  would  suffice  to  afibid 
practical  acquainbaiice  with  the  entire  round;  but  this  is  very 
far  from  being  the  case.  No  feature  of  the  Milky  Way  is 
more  surprising  than  its  iuexhaustible  variety.  No  *'  law  of 
condensation,"  sucli  as  prevails  in  globular  clusters,  is  there 
traceable.  Each  section  follows  its  own  method  of  aggrega- 
tion. In  one,  cloud-forms  are  met  with  of  the  cirrus  type ; 
in  another,  they  recall  breaking  waves  or  tossing  spray  ;^ 
again,  groups  of  irregular  bright  spots  alternate  with  extensive 

■  BirumH,  Mimihty  NotioB,  toL  L  p-  310. 
^  IhU.  p.  314  J  AAr.  attd  AatnipKyiictj  vgL  xiiL  p.  I79> 


540 


PROBLEMS  IN  ASTBOPHYSICS 


nunificaLioos  Aiui  riftB ;  here  the  sHnrrj  f&hnc  is  ooozae 
there  of  microflcopic  fineneds ;  irbile  for  beterogeoocnu 
tog  in  moLj  quaiters,  there  is  0Qbeti(ut<4  in   othea  ah 
ectly  d«ngDed  airaiigeDieDt  of  the  «tazB  iiato  ringi, 

BarDHrd'a  photograph  in  Ophiachus,  reprodiiced  in  Pkte 
XXXT-,  haa  choraeteriaLica  ilemujiding  bamesE  attentioiL  Tbff 
blight  otar  below  the  middle  of  the  pUte  encircled  by 
halation  ring  is  &  OphJucbi,  an  object  BpectntUj  «kiii  U 
BelUtriic,  radiAQtly  white  and  loaiked  by  helium  abooipticn 
A  "  long,  dull  vEt^hncy"  visible  to  tbe  naked  eje,  strettli- 
ing  eftst  aiHl  wist  b«low  (souLh  of)  Thela,  cornea  out 
Mfl  "»n  irregulnr  rift  iu  the  sheeting  of  etara,"  of  hi^y 
complex  relatione  It  ciKtiils  the  east  fla  well  as  the  north 
and  ^uth  sides  of  the  bright  maa&  in  which  the  star  i3  pboed, 
breaks  up  to  the  north  into  scattered  dark  apemnf^  nml 
stTHgj^Iea  on  to  the  weBlem  edge  of  the  plate,  whence — &a  olha 
photographs  of  the  seriea  ghon- — it  cammimicates  with  fimM 
of  ''  the  great  vacaQt  \a.uGE  "  in  the  "  wonderful  nebnlotis 
flb(mt  p  UphiuoLi'  The  most  aingulftr  feature,  howerer.  uf  Iho 
gabctio  chftame  visible  in  oar  ligure  is  the  presence  in  them 
of  two  gradationa  of  obscurity.  Darker  details  con  be  inAda 
out  on  the  dark  background,  recalling  Dhe  analogy  (which  diJ 
not  tHt'ape  Profeswir  iVimard'a  notice)  of  the  "  hla<:k  holea  "  in 
the  unibne  of  active  euu-apot&  Tbe  conviction  was  thus,  be 
added,  almost  enfoTced  that  the  Milky  Way  refits  here  npcdt 
a  far-reochiog  stratum  of  Debulous,  or  quaei -nebulous  matt^L 

Tbe  reality,  tbe  frequency,  and  the  detemunatenosa  of  tbf 
bbick  optiningq  in  the  Milky  Way.  dimly  been  with  the  1l^^| 
eye,  ccttifitiLute  one  of  the  most  important  facta  regarding^^f 
nattkre  of  that  formation  att«5ted  by  the  c^tneto.  It  is  %m 
that  their  great  axemplor  in  tbe  eouthem  heavena-^the  "  Coal- 
sack  "  in  Crnx — seemed,  in  a  photcj^.'raijh  taken  by  Vr.  EnsaelJ 
of  Sydney,  13th  August  1890,  to  be  embroidered  with  sniaU 
stars  over  tbree-tburtha  of  lU  area;'  but  tliin  h  an  uueasential 
trait  of  the  pbenomenon.  The  I'uiLdELmental  circumstance  con* 
nected  with  it  ia  the  extensive  and  complete  perforation  of  th^ 
dense  galactic  atratum  lyin^'  behind  the  starry  network;  aul 

^  AsirofJu  JovTTU  *oi.  ix.  p.  Ifi7^ 
'  lUfiyftrd,  ^irawlAir/t,  ToL  jir.  p.  112, 
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of  this  stratum  there  is  no  trace  m  the  Sydjiey  picture.  Only 
the  foTeground  of  the  scene  is  delineated  in  it;  the  backward 
fitretching  ranges  reni^ined  inaccessible  with  the  means  em- 
ploymL  The  true  Coal&uck,  theo,  has  not  yet  been  photographed, 
and  we  are  ignomnb  of  the  precise  Form  which  it  will  take  upon 
the  senaitive  plate.  The  expoaurea  made  at  Lick^  however, 
ctfoctively  reached  tho  piles  of  Itmunous  dust  which  form  the 
ultimate  reality  of  the  Milky  Way,  and  brought  into  view 
with  inaistent  cl€fimes»  the  pits  and  furrows  of  almost  ahsolnte 
darkness  by  which  they  are  frtHjuently  iuterrupteil.  One  is 
perpetually  remiaded.  in  looking  at  theae  autographic  reoorde> 
of  Herschel'a  exclamatioc  of  amazement  when  hb  telescope 
plunged  suddenly  into  an  unfathomable  abyaa  in.  Scoipio  -. 
Da  ist  wakrhaftifj  tin  Lock  tra  Himirktl! 

Ni>w  "  holes  "  of  the  kind  have  a  very  wide  coamical  signifi- 
cance. The  great  rift,  bj  which  the  entire  galactic  stcucture 
ia  divided  throughout  one-third  of  ita  circumference ,  is  only 
a  magnification  of  ianumerable  cracks  and  fiasureu  yawn- 
mg  amid  its  component  star-masses.  And  tho  dark  lance  in 
globular  dnsters  are  plainly  of  kindred  origin,  Moreover,  the 
riddled  aspect  of  the  Milky  Way  in  certain  of  its  sections 
is  continually  reproduced  Iwth  iu  nebulae  and  cluBters — 
in  ncbulje,  whether  gaseons  or  stellar,  aa  well  aa  in  diverse 
species  of  clustera  'The  fact  is  a  general  one,  that  in  all  the 
foTOBta  of  the  uuiverae  there  are  glades  and  clearings^  How 
they  Qome  to  be  thus  diversified  we  cannot  pretend  to  8ay; 
but  we  can  see  that  the  peculiarity  ia  strncturrtl — tlmt  it.  is  an 
outcome  of  the  fuudiLmejital  [awa  governing  the  diatriljutiou  of 
cosmic  matter.  Hence  the  futility  of  trying  to  explain  it  aa  of 
incidental  origin,  as  a  ooneequonce,  for  instance,  of  the  stop- 
page of  light  by  the  interpoalDion  of  obscure  bodies,  or  ^gre- 
gations  of  bodies^  invisibly  thronging  space.  That  dark  stars 
exist,  singly  anil  in  systems,  and  dark  nebu]:^  no  leaa,  we 
have  ]>eiin  almost  inevitably  led  to  conclude ;  but  the  galactic 
clefts  cannot  be  reckoned  among  their  maaifeBtations.  They 
are,  on  the  contrary,  what  they  appear  to  bo,  intervals  of  atar- 
lese  space  between  neighbouring  star  -  clouds,  &nd  suggest 
processes  of  disiutegration  ^  advancing  with  inconceivable  slow- 
neaa  towards  unimugined  issues.     These  wonderful  colleationa 

'  BunAid,  St^uri  Sarvmi  Confemitt^  Aug,  ISfiS,  p.  IS.    - 
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ore  thtu  in  a  atete  of  £ux  ;  they  tire  poaaiag  from  one  cocditioii 
to  another;  Supreme  Power  is  at  work  io  disporeing  op  rt- 
fflBhioning  them,  aeadicg  aliroad  tbeir  aggregfited  enns  like 
tlyicg  sparka  frf»m  the  anviL 

But  are  those  sparks  iniieed  Huna  on  the  ecale  of  our  owu? 
The  flBflwer  to  he  given  depends  upon  our  estimate  of  thcdx 
average  distance.  They  are  undoubtedlj  very  remote.  It  may 
be  taken  ae  certain  that  they  lie  beyond  the  sphere  occupied 
by  the  Durchmusterun^'  atara — that  is,  by  the  ordinarily  dia- 
tributeil  rsiara  of  our  system  down  to  9'5  inagnitude-  Haw 
much  fartber  beyond,  we  are,  bowevar,  unable  to  eay.  The 
thronging  orbs  of  the  Galaxy  are  by  no  means  of  unifonn 
hrigbtnefia  A  recent  inquirer  *  concludes  that  they  range 
from  the  sixth  to  the  sutteenth  magnitude ;  ond  the  atatemont, 
which  probably  falls  short  of  the  truth,  imphea  that  etais 
eDonnoualy  disparate  in  ap^iarent  lustre  afe  at  seiiHibly  the  same 
diatance  from  ouTBelvesj  henoe»  that  the  crowd  of  small  or 
medium-sized  bodies  collected  in  the  Milky  Way  are  dominated 
by  veritable  giants,  more  sparingly  dietributed  Profeaeor 
Barnard  endeavours  to  bring  this  state  of  things  into  eoufonnity 
with  received  standards  by  levelling  down  the  diraensiona  cf 
galflotrfc  toiistituentB.'  To  the  nick  of  iheni  he  ufieigns  Rcarcely 
more  than  plauetnry  rank,  ao  as  to  esoape  the  neceaaity  of 
admitting  fabulous  mfignitudee  for  their  leaders.  But  in  truth 
we  have  no  means  of  lixing  a  ecale  for  such  yahiations.  We 
know  that  there  are  suns  hundreds,  even  thousands,  of  times 
lar^r  than  the  sud.  Why  should  thej«  not  be  othei^  larger 
still  in  a  similar  proportion  ?  Xvn  tst  naturfs  irwnxwa.  konUnig 
fltciio,  Kepler  wrote  to  Herwait  in  1599.  Our  estiicatea  are, 
in  many  cases,  njinimnm  valuea;  wo  can  place  no  upper  limit 
to  the  vaetness  of  the  orbs  of  space.  It  is  only  safe  to  affirm 
that  the  greatest  and  the  least  of  them  are  associated  and 
eoajoine.!  in  tlie  immense  aggregations  of  "this  gorgeous  arch, 
with  golden  worlds  inlaid,  built  with  Divine  amhiticn.'* 

The  sidereal  tribes  are  very  diflerently  affected  towards  the 
central  plane  of  the  eyatom.  Some,  aa  it  were,  deliberately 
withdraw  *rom  it;  othere  are  exclusive  in  their  preference 
for  it;  many  press  towards  it,  while  maintaining  n  coemo- 

'  BuTTM,  Knotpltdgf,  vol  tt\\,  p.  227. 
■  Ib\d.  Tol,  Kir,  p.  aOB. 
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politFan  BtatuB.  That  white  stars  largely  preponderate  lq  the 
Milky  Waj,  is  a  fact  mftda  evident  by  Kftf>teyn'a  diacuBsioii  of 
t-he  Cape  Durchnmsterang  photographa,'  It  might,  uever- 
thelessj  as  Mr,  Monck  of  Dublin  first  noted,  b«  due  to  their 
Btipeiior  areal  brilliaacy,  which  would  cause  them,  with  increase 
of  distance,  to  L^uie  into  view  prefereitE^ially,  uiid  at  last  ex- 
clusively. The  percentage  of  white  atara  muBt,  indeed,  apart 
from  very  unlikely  epecialties  of  distribution,  augment  among 
the  lower  magnitudes,  atnee  a  star  emitting  light  of  the  Siriau 
quality  would  appear  equally  bright  when  fully  twice  as  far 
off  as  one  of  the  same  size  clothed  with  a  solar  atmosphere. 
Moreover.  Kapteyn's  reHearchea  did  not  extend  below  the  teuth 
i&Eignitude,  and  the  genuine  galactic  porticlee  are  of  much  lower 
grades  of  brightness.  So  that  the  nature  of  their  spectra 
has  not,  up  to  the  present,  been  discloseil  to  ue.  Yet  a  auF' 
mise  regarding  it  may  be  hazai-ded.  Mr.  McClean  perceived 
the  bright  helium  stars  included  in  his  survey  to  he  dispro- 
portionately numerous  in  the  Milky  Way  zone.  This  is 
probably  cue  among  several  symptoraa  of  their  great  remote* 
ness.  They  are  siifficieutly  removed,  perhaps,  from  the  centre 
of  the  sidereal  sphere  to  come  withiu  the  sweep  of  tlie  current 
of  tendency  setting  in  towards  ite  ei^untorial  regions.  Now  it 
seema  probable  that  fainter  Hpeeimenaof  the  type  are  BiinilarLy. 
but  more  stniugly  condeiiwed ;  and  a  further  st+'p  on  the 
tempting  road  of  conjecture  leads  ue  to  the  iufereace  that  the 
dim  aggregations  girdling  the  heavens  are  mainly  composed  of 
stars  of  the  Orion  family — of  etors  revcrsicg  the  duplicate 
series  of  hydrogen  lines,  besides  tlioee  of  oxygen,  helium, 
nitrogen,  n-ud  nil  icon. 

We  have  seen  in  an  earlier  chapter  that  the  Milky  Way 
ia  the  choaen  resort  of  Wolf-Rayet  stars.  They  doubtless 
Mong  to  it  intimately  and  entirely ;  and  the  same  may  be  said 
of  Novee,  This  involves  the  strange  consequence  that,  amid 
the  radiant  galactic  hordes,  there  must  circulate  a  multitude 
of  large  obscura  bodies,  lotted  on  occasion  to  blaze  into  sudden 
conflagration,  on  a  scale  startling  to  intelligent  Imholders  in 
every  quarter  of  the  universe.  Must  we  then  conclude  that 
dark  stars  are  relatively  more  plentiful  in  the  Milky  Way 
than  elsewliere  ?     Not  necessarily^  perhaps,  for  its  ecareeiy  in- 

^  Amexlt  0/  Cape  Ohi&rralorff,  toL  Ui  y^  22  (luiroductiija). 
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Ringed  mooopolj  m  the  production  of  teonponuy  staiv  mi^t 
be  explamed  eqnuUy  wvU  by  che  virtual  Umitation  to  it  of  die 
coQdilionH  Deeded  for  lumiikous  exploeiona, as  hy  the  abimdance 
iu  It  of  bbeir  appropriate  fiit^I 

Very  fevr  gaseous  nebiike  have  any  conaiderable  galactio 
latitude  ;  they  ore  cbaracterbtiadly  Milky  Way  objecta.    Tbew 
are,  indeed,  evooptiona     Some    Dottd  planetariea — those  in 
Draco  and  Ursa  Major  for  example — ore  siipuated  far  outdde 
JF^     j  j.eJ^  the  zone  of  coacentratioo,  and  they  present  the  appearanoa 
J. .  ^     of  liieiEg  iiearKT  to  the  earth  thau  unisl  iueiiibt?ra   of  the  cUai. 
The  ''atellar"  rahety,  on  the  other  hand,  which  are  preauia* 
ab]y  SDiall  through  reuioteness,  are,  to  the  best  of  our  kuif^^ 
Jl      i*^  i^J^^ledge,  liimto<!    to  thu  Milky   Way;  while   irreguUr    neboj^ 
*  occur  either  io  Che  main  stream  or  in  some  of  its  afflaenta 

Among  these  the  Magellanic  Clouds  are,  in  a  sense,  to  ba 
counted,  though  they  should  rather  be  described  tts  pocds. 
Left  behind  an  tJie  waters  contracted  into  their  present  bed 
TIkey  are  composed,  like  the  Mdky  Way,  of  mixed  ingTedienie> 
etoUar  and  nebulous;  they  seem  to  reproduce  its  condition; 
they  beat  the  same  primitive  stamp.  Their  globular  shape, 
however,  suggeata  an  autonomouH  coiiiititution,  each  being 
prolMilJy  a  Hclf-regultitetl  Iwdy;  while  the  galacLic  aggrci^Lioiu 
may  be  auppoeed  exempt  &om  the  eEGcient  ceati'ol  of  a  centml 
authority.  I>r  Ruaaell'a  photographs  disclosed  spiral  teudeacic^ 
in  the  Nubeciibe/  destined  perhaps  to  become  more  and  more 
pronounced  with  time. 

TiuTDUgh  the  agency  of  the  portrait-lans  and  the  sensitive 
plate,  the  uebulous  afEmities  of  the  Milky  Way  have  beea 
moro  fidly  recognised  than  was  possible  by  visual  meana  alon«. 
Several  of  Prolcseor  Barnard's  picturoB  exhibit  an  intermisctut^ 
of  vaguely  diffused  lucid  mutter  with  layers  of  minute  staff, 
especially  in  parts  of  Cygnns,  Cepheua,  Perseus,  MonoceiM, 
aud  Seorpio.  We  see,  ttieu,  that  the  great  co^nic  zone  \s  ool 
only  frequented  by  nebulous  objects,  but  is  nebuioua  in  itaell 
Yet  it  seemfl  to  repel  from  it  the  multitude  of  white  uebals 
which  tend  to  collect  about  its  poles,  Thifl,  at  least,  is  the 
law  of  theur  visual  distribution ;  but  the  camera  threateos 
to  abrogate  it.  Dr,  Mai  Wolf  holds  that  the  results  of 
hifi  preliminary  photographic  surveys  prove  uebuhe  to  be  in 

'  Knjudaiga,  vnL  xiv.  p.  Dl. 
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raalitj  ecattered  pretty  evenly  over  tbe  haaveua.  Duly  their 
HVerage   brightneaa,   hs   tliinks^   varies,   the  ao-called   "  nebul&r 

regions  "  iii  Cetus  luid  Vitgo  having  acquired  tlieir  reputation 
as  euch  nob  because  nebula-  are  more  Dumeroua,  but  }>e<:^uBe 
they  are  there  more  cooapiououB  than  in  the  intervening 
celeBti&l  tracts.  The  nubject.,  ia  fact,  of  nebular  difltribution, 
which  had  been  supposed  piaeticaUy  di^po^ed  of,  h&a  been,  by 
photographit  explorations,  reopened  For  fresh  diacussion, 

Tbe  crowding  of  globular  cluetera  upon  the  Milky  Way 
ia  unmiatakable ;  and  tbe  inwardness  of  iheir  relation 
to  itfl  condenratioDB  ia  manifestod  by  their  avoidance  of  the 
vacuous  rifte,  acd  their  adberenee  to  the  atream-lineft  of 
luioinoflity-  Hence  arises  the  logicid  necessity  for  iheir  radical 
separation  from  whitti  nebulae,  to  which  they  eeem,  in  most 
respects,  ao  near  akin  that  one  might  be  led  to  believe  mere 
difference  of  distance  to  occasion  the  distinction  between 
reaolvable  and  irreBolvable  objectB.  Only  the  opposite  galactic 
proclivities  of  the  two  classes  decisively  place  tbem  apart. 

Within  sight  of  that  ultimate  problem^  the  structure  of  the 
Hidereal  universe,  we  pausc^  Our  thoughts  meet,  but  they  can- 
not grapple  with  it ;  noi  does  it  come  within  the  scope  of  our 
present  purpoec  to  make  the  attempt.  We  must  be  content  to 
register  tbe  marks  of  growth  and  change  le^^ible  in  tbe  Mil^y 
Way ;  Co  not€  the  evidence  of  its  oomparatively  recent  origin 
and  inchoate  stale ;  to  avow  our  Impotence  to  comprehend 
the  Supreme  di^ign  which  it  is  directed  to  realize  ,  arjd  to 
bend  in  awe  and  admiration  before  the  unfathomable  depths 
of  difficulty  and  mystery  towards  which  the  study  of  sidereal 
development^  in  its  lar^jer  bearings,  inevitably  leads.  DU 
Schopfwjig.  as  Kaat  disc^medj  i&t  niemalii  volUjidet.  ^e  hat 
2war  einjiLol  anfft/angen,  aher  srit  loird  nwraai-a  au^oriw. 
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Stabs  with  Variable  Spectiu 
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R  CoFDiue  r 

0  51 

1  12 

2  14 
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lapi-StluDilkikHp. 

Bn  ind  Hy  nry  frvni  dArk  la 
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n^  ru-iablf  brlp;Ut{AJ  Cuiiiol> 
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tUtmt  DJ  SUr- 

MH- 

PoiltlDa,  ISOA. 

BHBuk>, 

R.A. 

Dnc 

eUfidUollenip     . 
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7  0 
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1-S 
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16    «9 

16    40 

19     10 
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nconlBd  br  E*t>iD  en  Lam 
QompHlta  apvctni  with  wuUt 

H0nn4biFbD^i(A-c::  lumjx 

CunKCB  pDoaibl;  ev]ili<*li|*  tf 

TABLE  n 
LjsT  OK  Spkcteoscopic  Binakies 
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! 
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IK 
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-H 

ai 
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4^ 
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47 
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... 
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4« 
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aiai) 

A'KrkkbiA  vfila^ltj  .iHloctod  tqr 

OiJDpbflll,  l^M-    epKtrBsa 

a  Aadroiuade . 

aafi?  !+4i'47' 

3^8 

i-t 

X^atUbLe  *atocECy  dctocUd  by 

CkiDpbidl.  iwn.   nnnpaiit* 
■p«elnirB— SMuiaBd  Orion 

— LvDOJilvd  bj  Hlu  Hkuy. 

r  Oephd. 

aa  e 

+74' jr 

&-fl 

... 

VfttiiTilfl  Diotlrm  dBtAOUd  by 

CUo^ballrtMO.  CinnpanlDD 

X  AmdramedD  ■ 

issa 

+  4f'«' 

(•0 

iff-a 

^trbbta   rDDtim  4HUat«d  ^ 

1               1      ArrluriBb  GtMii]tuifaii  dark. 
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A\ihbt  itTuctaru  tn  tnlu  carenA,  129 
Abkiul,  niaiBiiremBLU   of  OGmiiLJ  h?il.  i 

191.  ue  t 

Abae;,   Sir  WilliKu,    pbolognpby    of 
iolni-rtd wUrBpectrum.SS; tlicorttlGil    ; 
«lTetTi  nt  rctMrHon    in   itfUBT  ap^clr^ 
2S0  [ 

Airy,  ib«  aoliir  jdErn,  102 

Alcyone,  itL«liuiQBtAT,]94;  icd  hjilragsii 
UfiB  bright  in  spaciniin,  229.  230»  1!79, 
^4  ;  conplca  irttb  a  duk  lints  l^^O  i 

IwUlw,  IIS 
Aldelwj-an.  aiecLml  rhwicUr  183^  207  i 

parftlUf  Hbd   kntiDniliy,  20S  ;  n  pv- 

■pMlito  infrab*r  ol  Ue  Hy*!**,  *12 
AlicKodgr,  contonr  ol  OwJ  twbaJA^  478  » 

bi-uannlKr  □fl1]ulft.»  400 
Alfd,  fl«u^[j.  lyi.  aOS:  Apn-lniTn,  194, 

lfi7.      28&  :      »Up(«B(Hl      4^d1iJIJT-L<||H|I4^ 

!lCO  :    proljkbk   vtlocilj    ^jf   mlatkiu. 
SS3  ;  tcliptes,  3Df  ^  lyaUm.  3D3  300; 
dork  uittlllU,  30^  401 
Ai^UntJ,  tv<ln«s«  of  Algol,  HiB-j  migzd^ 
imtpof  fl  Endiinl.37a 

tiojjHl    hyptjthciA.    2fll  »    LEiiippIii:a- 
biliLj,    aSQ,    2B3  ;    tncipic&t    bright 
Heh,  294 
ArnbroQD,  EriuigulBliaii  of  the  PlrikdH, 

4'il 
Amex.  ntcclnl  tBVMtrhrm.  34h  £13 
Andcm>]i,  T&rlkbilLly  of  T  Abdiumfiitir, 
86B  ;  fkiTiD^  of  tf  Enduil,  373  ;  di«- 
covfriH  '>'  Nqvm  Autig-^,  37fi  ;  md  of 

Aftdramedji  ncbalit.  Temponirr  Ftir  in, 

SSS;  ■]>«;triua>   4i9,  44V;  tpinlity. 

440  i  Atlcudutk,  441.  4£7  ;  cdoiUu- 

lioB,  450 
AugfllrcjiUp  C,  Jr.reco^ilion  of  hydrogfln- 
,  iti^Hfpttaa  in  ihr  jqh.  5!^ 
AnpitriMDn  K.,  h^nAx  of  lellarlc  ibiorp- 

Uan  trmrl   lo  cu-boji  dloitde,    24  ; 

jUampberiv  but-itopp«fa,  l]5 
An&blu  btbul*,  rdttian  lo  plmneULrle^ 


4«9.  4T2;txAniplnt.4S4-493;  uuclur 

Sttn.    4Sfl,    4^9.    4M,    493;    iprctiv. 

48&  4^1  r  BtruLlurei  oT  ioUirmBdUt* 

dunctor,    190^    4^3 ;    d^rdbHElJ   bf 

further  reFcarcb,  194 
AnUru,  thnvm  a  typinJ  fluted  ipKUnTD, 

IfB,  1^4.  ^10,  :/l]  ^  i^Juent  hAbalm. 

im  D14  :  icluKi  brichtoBu  213,  214 
ADlviAD  vUn.  179,  164.  309-214  ;  d4- 

vdopmml,  'JTa,  a7fl»  277,  376;  prob- 

AotoDudi,    QudeEii    of    rii>g-DflbnlB    ia 

Cjgmn,  489 
AiiuLU-H  II,  llgbL-cbtaf  e,  S21 ;  oibtt.  322, 

AfchenhoM,  photognplj   of  a  liflbiklA  in 

Arcturu»,  hp^truiii,  182,  183,  505,  907; 

lumlnout  fover.  Ittb 
ATBdULilvr,  period  of  {  OFOiLnoruui.  323; 

lUht'CDiTA  of  ^  Lynr,  337  ;  iDCKgwUi- 

Uta  of  Hint,  348,  349  ;  of  x  ^P^ 

352  i    period   of  B  LpB.  3ftS ;    ilic- 

ippBirmiit^u  of  R  {!!broiiit,  371 
Argcn,  ncii-iLpi<Ar»qi  In  thp  ann.  2B.  30 
Ai^Ai,  7.  b[l({hL.-UQBiptictrijm,  187.  238. 

233 
Aatnpliyflldf  prdviilan  of,  1  ;  dfiVBtop- 

mut,    2-G  ;    wHunibg  or  Hi^pfl,    h-% -. 

tb»n£\tr  ktjd  ru[uT0j  R,  10 
Atlu»  A  Biupflcuid  hlmry  m&r,  421 
Auri^,  pf  m  tpeoEruniDpk  ItoBry,  291 
Aar«tv.  VifelogT  "i^b  >q1v  cvrou.  130; 

AbnoniHi]  iic«zclty,  1^3 
Aawfln,  dvlHtion   ai  ■  bsbutoui  tUr. 

ill  ;    Dlden^DD  ot  Hlnd'i   V4tllh)r> 

DflbaliL.  Ali3 

B4COii<  pre'iBion  of  vtropbydk^  1,  2 
Bi44ii,  UuB,  comitl  photegi^pha,  133 
Bjiilty,  dcmble  *p«clmm  or  ^  flwipii. 
ffl-Ji  of  V  PnjpplJ,  334;  d»»o»Hi7 
Of  dUfliflrvu-lBblca,  330,  434  ;  tbtli- 
mude  of  llghl  -  chugs,  435,  437  , 
ftpoetrojrt^pb  of  No¥»  Monraa.  SPS; 
GOUiiLi  of  CLc  PIciuIm,  IH  i  cDDiivUiii; 
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4I«  i    ytiiliHUli    Bf   to 

ai 

ad  Bw|»^  pkrtflcopb  if  ■ 
BdtodKnpl  bbW*,  nV 
Ball  Mr  BsbKt,  pnlki  «f  KIS  Ghmm- 

BdBB,  law  Muhm,  At-M 

&«  MakT  V»rH  7,  59»,  MO,  M4j  «)^ 
•wnt^w  «l  dutU'irarUbt^   177, 

Hmow^  IWJ,  12^.  fM;  ofpluUc 

II,  ill  -,  of  fichaloailici  CBcimluif  Uiv 
FUitdfl.  410»  420  ;  of  M«tici  &  13«| 
or  fu  oebvlie,  417^  of  l  nDboJAT^raqp, 
4Ag;  ar  aabulou  tTAfs,  40'^,  t^'i,  141, 
4ft&,4ttfl;  ruTn'I'jqlDnA  fomtatioQ  m  Orion, 
4ft?;  dftfCtiDO  oT  lUn  m  tTtpcstmi. 
2S4).  4>S;  obtoTTiitkiD  erf  T  Tftoji, 
672,  5T8f  nfltmlDua  and  tian-BebDli>u 
aluUn,  11?,  vlaumi  durovariH  of 
Dtbolr,  lU,  171.  4S7  ;  partnLtlnt 
phoUgTmfih^r,  423;  (^(tlrnlu  daaitn 
turn '  nebuloui*  iSZ;  Blcphu'i  itir 
aoD'UBbulDiu,  467  ;  nnlriil  tUt  In 
Ljt»  HDbuU,  437  ;  itnclun  of  u 
•[iqii1ariiiihii]p,4Ct3^  uMicn  of  tkiioblc 
Qfllmla,  fi^  fi34.  G25,  52a,  527-  ecm- 
pnilian  of  ib4  HUky  Wij,  542 

fiiiBidifl,  cdLpis  of  \  Tftnii 
niuitu  of  S  Una  Miji^rls, 
fmriwliLilj  of  El  Uynt,  BaS 

BAjer,  alAr  n>4T'ii  of  1G03,  371 

BfUkflr,  tellimv  ip«tniin,  2S 

B4'l],  DeEitilonfi  TonnatlnD  roaDi^ 
Ferul.  395 

BcllHlri^,  ■  typical  litliuni  lUr,  191 

B^lopolqky,  mIot  flcUpsc  of  l%9t,  1S6 ; 
oormipDDdeDca  of  corviuil  flbongu 
with  ■Tirrbv-phCnnpLi^PiL,  129;  roU- 
tion  or  faculv.  145;  of  X\)6  canna, 
147  ^  mtrogtii  Una  In  P  CygnL  23^  ; 
tyiteui  of  Cutur,  U93.  204  ^  ndiil 
antJoo  of  X  ThutI*  307  ;  of  J  Csphci. 
aaO ;  of  f  G^mlQaTELm,  3!2fi  ;  nyitui] 
of^Ly™,  333,  340 

Ikrharioh,  afTHtu  on  Encke'i  cfllneC  of 
nlor  pi^dalkitj',  IfiS 

Bum!,  ilmk  Htui,  400 

311  ;    rttil   mBKuiWo.  313,   214  i    Ir- 

r9|[iiliir-  tju-i4bilily,  RGH 
Btiin,  iliMOWery  nf  Crtb  iiBbflla.  617 
BIkbIow*  lutmntlli;  iboury  of  corouo,  13& 

131),    i^Ur   ri>UEirpQ,    140;    JoDdw  of 

propa^tlDik  of  *o}k  oriCTgy,  157 
Blgonrdu],    Dl■4D^vmlil^a    of    t     vu-iitbTa 

BtrmlUElmii].  cabiiTS  of  vUn,  267, 
366 


nDanl«tf& 


m 


307  , 


NOT> 


iv4 


to  i» 
■fMctna^  33F;  to 
LSI 
■^'*-*— L  Uw  of  f  am  Ilk  *4 

Boyi,  nvBtioo  ei  T^io-mimmttm.  U 
Bndl«T.  tuwto  of  |>  Cfxid,  Wl ;  of 
Ckiur,  293 


79 


pkdl.^ 


£tarckhftlt«,    gr«didt«d    i  uioimI 
p^jihM.  lis 

BDmlrUD.  d^tlson  at  f  Oriani^  Ul ;  of 
1^  ti€EilnDiiiiih  307  I  oJbHTmUoDfl  of  T 
Tanri.  373 ;  oT  Bui«4'«  Ifamo 
bBbuk,  ilT;  of  dooU*  wd  tti|p>> 
ubolv.  153.  158  ;  of  i4bql«u  MW^ 
461.  1S3.  104,  466.  167  ;  of  plutflifr 
nfll>ulA,  474,  475v  480,  IHA  ;  of  itdUr 
iwlmk,  461 ;  of  nuclw  lUn  tk  hdu- 
Ur  neiulB,  4S7,  4B9,  IftO  ;  of  tui£ok 
»bila,£S2,  S9fl.  59S 

Buii)^  nu^ihidei  of  gulactic  Hw,  M3 

iJDto,  heliTLKi  (bAarptiori  ilk  kudj^ 
■pectn,  V4 

Caldom,  balHtjab  of  lb  nolet  nj  fut 
bokr  pSotrgraphj,  38,  S9,  lOt  j  t 
eouitltaiBDL  af  ih*  Bun,  27  :  «main 
linet  in  wu-Hpntj,  9fi  ;  id  ^toIb,  IlKL 
101:  In  proniintiwM.  UO,    lit  115. 

CoicnH,  130  i  abflorptiod  bjr  tn 
ppcctrt,  IB-J,  iBfi,  191,  lOS,  101, 
201,  2DJ,  207<  ao*,  212,  225, 

CAlvnt,   dnwibg  of  the    E^lntrndi 
lOfiitii!!,  410 

Qtinpbdl,  corwuJ  apeilTVfrapbit  111 
1U2,  ]3€  :  bii^t  vmA  dwk  ftptCknl 
iktIu,  176,  220,  230, 236, 420;  spKtn 
of  brigM-lint  helium  •Urs,  iSAi^SS. 
420;  ot  Wr^irR&yet  itun.  237,  V39. 
342 ;  ii»clniin  of  Kig«l,  1»1 ;  tl  M^ 
223  22D;  of  f  Ai^Db,  233; 
liDM  lo  foarth'ljpB  BpKlffc,  2IS 
with  4  faydrogfn  wvali^a,  340^ 
daLflfltios  of  ipeatRwoopio 
266,  2»A29a-  orbit  bf  f 
32S-A30;  coDAtlEiiiloD  of  Ndta  Aurtgib 
37Bi  iLa  Bpactmni.  3^0.  SBl  ;  vpn^ 
tram  if  Kova  KDniir>  Z^H  :  of  f^on 
Centinri.  3*4  ;  of  NaT*  Sa^itUd^ 
3S&  :  of  Non  Aqnilv.  A90-  of  pl4»at- 
iry  iii?1>ulx,  479,  4^  4^1  .  of  OtVn 
nebula,  AOQ,  ^01  ;  of  TnOU  ubok, 
G03 ;  niHtlw  bricbtDBn  of  sobukr 
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Uue»^  i76  ;  Jvtciiption  oi  n  bi-cujniAlMr 

35fi  :  vuiiMit  stellar  iipcutra.  :i50  i 
■peclrLiQ]  of  IT  CoTiaie,  370,  noie 

CuioptiD,  natiirs  of  tpoctn^ur*  193;  n- 
ra«t«iiaH,  2Ci4 

Cuitor,  eluctriLulIy  iUunlEutbctl  guet 
Bon-ktiAdrpltTB,  14D 

C»p«1l)i,  speetnl  ml  1111011111114,  183.  30S; 
duplicity,  2a4-3efl»  227 

CubDUn  H  tnlur  coiutilaDitt  ^.  31.  110; 
Apectrkl  effncv^Tiiciit  in  }jrc4ciKB  oT  iroD. 
34;  tonilDniud  in  pbotoftptnTlc  clfluda, 
ti^i  piTt?ELt  In  Ih?  chromfkfjjbeTt,  US; 
In  ttin.  ISO,  184,  215.  :^I9»  279 :  Eii» 
Inxa  vf  Id  WolT-lUyHt  BpflcLnun,  242, 
hri^i  Id  R  GfuiJDPmjD,  349 

C«rboD  ■UrtiBpectrof^pfaoil,  177]  Afttntc 
t>F  qwctTH.  170,  ]S1,  185,  ^^]&-!£S0; 
l.nght  Mn*ii  in,  IR6.  2ia2I*J.  40fl ; 
vhltfl  ■pulEcehA,  220,  2fiS  ;  diiUit^a- 
tlDO*  221  :  ftlfiiLitin  23B;  devfllop^ 
DAOt,  £77,  S76  i  laminQOB  iiubLblliLy» 

Curinis  ij,  nttur*  of  i^pactmrn,  2SS,  370; 

Elffht-ohArjEVfi,  370,  971,  106:  fiUitldE 

In  Ke^-hola  iLBbiitn.  fiO? 
Cu-lyld,  bolonr  of  :^]iiu^  2D6 
CoiTEQ^ton.  niuvmncuU  tif  aiiD'^potn,  E4  ; 

Iah  cf  tliB   aan*   rotatiDTi,    113.  HO, 

119;  fljetiokl  »hlltmg»  or  upot-umu, 

1«] 
Ouilopclff.  y,  bhglkt'lin«  'pHtnini,  IKA. 

2iS,  234,  279;  vpecUHl  ftn^tuatioiif. 

313,  24» 
CuloTt  tpvctTDTQ.  2<I3  ;  «  triple  ajileru, 

3QS.  IH  \  'lark  companion.  203,  401 
UflnUnri,    a.^    s[rectrftgr^h    rtf.    192:    a 

modHt  lan,  1»^  1^^.  Z0.\  ^dfl 
CeqUuri.  u»  variable  itiuv  in.  333»  4S6  i 

telBjfcupic  vpDtt,  i'l^:  ccatnl  croirii' 

ibg  of  <oiDpi>£i«ii1a,  130 
Ctaphii,  fl,  ■  typioul  tliort-ptriml  variililB, 

319;    orbiutl    maveinAtJ^    S20.    S'i'i, 

353;    iLDAlckgaitH   iibjvcts   ti]urn«rn[Ad, 

334-3^(1:   iljotr  JlitlDPUvH  EiuftUii«. 

3S7 
Caruki,  dbaovery  of  IT  Opb«i,  300 
OrABJti.  Ukdft[iie,  diicovnio  of  rKriabta 

■Ur*.  910 
CeriDin,  fc  lolir  dfrnemt  27,  30;  bMa 

of  I  nn  oarth.  33 
CbKOrD&Ti    anppoKiil    obwiVbLion    cf   a 

laptpcrary  uoboK  ^i^*  ^^3 
ChuDberlln.  tLoor;  oF  (pin]  nuhQla.  Hb 
ChLQdIflr,  movenieEitJi  of  tbe  pulh'f  uiii^ 

U0  ;  (UitizrbiDKA  oE  Algol  304-300; 

pbuKfl  of  vcEipting  qLv>>  511,  314^ 

diAcctDry  of  b  GemLDLd  vnrubl^  SSO  ; 

dutiDotlve  cbuBOtcr  of  tta  otui.  838  i 


toriAtloiu  of  V  Pcgui.  332  ;  «tc1»  of 
Uira,  31S  ;  dF  It  UcDi?,  3fi«  ;  T«J- 
D«n  md  perifHtB  of  vnriabla  itiirs, 
3&fl 

Cbvn,  pJintlM  of  Alfol,  3D« 

ClieialBtrj,  Kop4  of  ltImLIiI,  A;  lolflj. 
18.  91,  S&-31  ;  or  -uD-AiiotA.  Pt»  lft3 ; 
of  heljufn  nUiH,  Iflt^  ;  4if  liyUrcgab 
■Uni.  Iff?  ;  of  AaUriRD  aim,  2]0  ;  OT 
chfbon  KlAn.  2jfO  ;  oi  MItl  tuIiIjIbi. 
220  ;  of  WoURn^et  tiUim.  241 

CbflvnufOuti  viuJAbls  ilarn  iti  tUd 
PlBiwIen,  4-^] 

Chromoapbere.  caiapoailii>ii  uf\  depth. 
16,  10:^  10ft:  dtfiricDi^y  orLbtorptlve 
power,  47,  161  ;  sp*«lrun,  112-114, 
no,  llfi,  119.  1«3 

Clu-k.  41tui  G;  black  rDHr^iugaiD  pn>- 
raiDOQOu,  IID  i  ilbUctioEL  of  aJditioanl 
trspaeJDm  aUn,  230,  i&S 

Clflirt,    rmn    invUli»    33;     «niily«u    Of 

CleTiic  btliuui  occluded  'bj.  EiO 

Colour  tBrinl'tliC^.  rlLtfivD  of  ofapTi'' 
THtjoo,  S&3  ;  rfilftliai]  to  li^ht-cliAJi^ 
SM,  2S5  ;  Im^id^tiUl  o<?cUR-rfi^  25S- 
2S»  :  ID  (IcHiiblt  aUn,  'Jb9-3rJ 

Cometfi,  mimictiAJ  bycoronil  n^B,  127  ; 
VHriftikni  ot  i^oaipkucDaDBM  wiiti  tlie 
Aolu-  cutiditli^iL.  136 

CotniDcm,  iihntopnvpb  of  «  glabblAT 
Dlitstu,  433 »  vftriAbQitf  of  aott' 
pnnpiiti.  43-1  ;  pbnlogrAph  of  ■  com*' 
Urjr  nebulfl,  4*6;  t^  irltla  ffroup  of 
□ebola,  154 

Comic,  Llliisor;  foTHaat.  I 

CapcEan^  hflinmOine  in  aptctrBBI  of 
Orion  BtbuU,  171,  lOV  ;  cdoun  of 
ttiTH,  25  H,  957  ;  KpHtmrD  at  V 
OrioDlB,  3&0  ;  of  U  tiemlaonun,  3(M ; 
spcctruBcopic  dctpcUdii  of  uobulpB, 
4B0,  132 

Conu.  iflllurla  Alworptipm  2^',  apcoU*! 
htIm>  £3 

Comna,  proMsm  pTF»nt«d  bj.  B»  140; 
tvnulTj.  1A  :  pedndicol  tnHntiniUi,  20, 
127'12B;  ftuijclun^  123-1^7;  ctiro. 
moapbrrii^  r«lKtiau9»  129 ',  >}^«lrqio, 
130,  131  ;  poluivatjon,  132;  pboto- 
gnphy.  132-13^  141  ;  dork  rTurkingi 
in.  134-  TOUtinn.  I3«,  141-  tlworlet 
rpgsrdmg,  137-140 

Cor>aiau),  jaiporuri.13  of  in  niar  pit  jiOcs, 
£2  ;  mbtlntfi  dO  ;  piobAblB  quilEtir-i, 
fit;  BpeetroTU,  130;  Don-a-biorptiTo, 
llD  ;  nil  ualcaDwii  elemeat.  141.  163 

Conip,  atrtifturft  nt  aan-tpol^  79,  77,  HO  : 
their  HltdmulonB  In  aftivltr,  BB : 
qviingp  dunlLoa,  3D;  ikdr  fpvotn. 
00,  01;  roUtioQ  of  facola?.  143; 
Ipectnl  ADOiiLAlLeB  of  Non  Fcnel,  302 
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Cra^  nobul*,  ilUoovery,  (17  ;  ipoatnaj, 

filS 
Crmkei,  Sfr  WiUtun.  mata-alaimiiti,  3S, 

190 
^7F'^  ^1  coloun  ani]  ftf«r.lrA«  2K4.  tSQ5 
(-"y^L  X'  ^i^iS^K  line  4i]iectrtiQi,  J26,  327  ; 

colour-cbkD^si,  2&r> 
C>^t  F,  lutan  of  hfwrtniD,  19S,  HS, 

sat,  230  ;  Imifllar  vnrLaNltty,  400 
C^Htiu,  Ant  iuAko  of  Oiloq  Dflbula,  40G 

Dork  rtuv>  probloD  they  prtt#at,  iTfi, 
n;,  ISiJ  ;  vrob.bb  origiii.  *27e.  277; 
fonplHi  witti  hnjfhl  kUth.  "iSB,  2V2, 
£S3,  ^£90,  317,  400,  101,  403;   twu 

Dirquidl,  diacaiftTt  of  tnniiUr  B«buta, 
4S4 

DTAmrt,  dnvjng  nf  a  nabola,  413; 
ob»rvat]ouB  a[  ubMIoiii  fltftn,  464, 
461.  IQA ;  abupLeaa  of  56  Andni' 
mods,  400  ^  Htelliir  tuteEIitoc  to 
ncbulfi,  4S3 ;  nntiulH  uebuU,  40B ; 
nobdsHTipl  bebula,  £30-  v&rlkbtt 
Uflbula,  523,  &25,  5?A 

DitIiImh,  black  marking  tn  promiafrca^ 

no 

colour  or  5  C  jgnU  3d  1 
Da  ka  Kuti.  lUrvonApto  vltv  dI  a  nm- 

ipnt.*(l 
DembnHflk],  cotoiiTi  Of  donblA  ■tnn,  2M. 

DaoBb  fa  Cyj^ni},  spoctral  rclatiaruUpa, 

DonoiDg,  obMrratlaiu  oT  a  faHablfi 
nebtiti.  b2S 

DaaZaDdreM,  phalogrAphy  nf  promlntncefl. 
>t  1^  ^S>  11*3  ^  Ht«ciive  i^bcto^n^pby 
of  tbo  ALin,  4^.  ^&  :  fAculnr  fl&iurft, 
IOC  ;  dwtrrcal  cngla  of  nbrottiO' 
■phirb  lumLoQiiity,  115;  ullrt- tfiolet 
promlDnare  Kpactruni,  110;  Uie  win 
BM  ■  brif-btOlna  Btar,  121  :  LoiYiBa] 
■piKlro^;nuii»,    132  ^    tivcriuiutta    oa 

COTOOal     rCrUtLDD,      134,      1^7  '»     CDTDUa] 

hvtt,    HI  i  flOMtrum  of  AlUlr,    SSl, 

SS4 
Dtwtr.  nafltrcliei  at  lov  tflnpdratnreB, 

AO 
l>Usi)uiaUDn,  lu  HUD-spoU,  90,  96,  143  ; 

uf  calcliim,  114 
DobflrcL^  calour  of  Hind's  itar,  3G7  i  of 

Dapplvra  prlndpl^  4,  10.  Ice,  ^G7.  ZHO 

Daahlfl  aian.  evDluUctij^   ITA;   TarUblE 

Uat>.    259-262;    upr^tn,    2«3-2TD, 

Sffi,      S7S  ■      UiiliiClnsiiLiljablt?      ttoia 

■paolrotimpk  biuariu,  207 


Dnec    plaOflUry.    b«lical 
474  ;  cpectnim,  47£ 

DnpcT  Catalogrne,  173 

Dnpar,  Henry.   Illuurr  bri^ 
Unu  Id  wlAT  aiKctniB.  211 

DrapoT,  J-  W.,  illiiKwT  darf:  vcjfai- 
LLa^fl  ia  wTftr  Bpeotrnm,  !f0 

Dnycr,  Dtkurvftticb   of  a   doable  uW^ 
4A4  ;    noQ-Qohiibuity    of    Ci5 
muHM,  406 :   aJtegfld 
Omei  nebula,  MS;   o 
radabk  r^ebole.  fi2d 

Dumb-bflll  DcWla.    MsalD^Qa' 
4B1.  SIT;  tlraatJit*,  516; 
617 

Uun^,  ■fpwtrcucopli^  meainm  of  tl« 
■ud'i  rutbtlou,  IPh  144.  146, 14d  U7, 
203  ;  ipecLn  of  na-rpoU,  G%  Mj 
>p«Lra  of  foQrtb-tyi«  «tan,  SIS,  31IL 
31»,  aaO:  ooloun  oT  »  HanUv 
200;  raVdJiftioiu  af  V  Cfpd,  MIX, 
31S  ;  mlbima  of  Z  BercuUi,  814 

DudIdp,  abluo  duster,  414 

Djivnn  vtd  Uwu,  «lciiij|alloo  of  OiptO^ 

Kuf,  nfrftftiQU  in  Bon-spola,  SO 
EbflTtiard,  Aptctrom  of  x  ^i°^  ^^ 
SbflTt,    temportitara    tk    tbe    na,  H; 

Uieuiy  of  tbo  conNia.  lOft,  140 

Eclipaen,    aoUr,    fib«ervatJatia   daring  ^. 

1 ».  aO  j  (llaoloHurt  by  of  rarcniBcttFtf, 

4t  -  40  ^    of  praminucH.     lOtt.    19); 

oT«^roDal  hdo,  123,  I25'1U,  11^  14> 

EdilNieiL  iMlv,  2M-301.  Sir 

EoUpviug  itOTA.  maan  itciuity,  VTS*  10^ 

3I>7,  310,  SIS,  314  i  roUtiout 

2S3,  3S9  {  eDQincrat«d  mud 

Q»S,    318;    ligbt.^^TirvH,    3011 

ipectTa,    310;    abaeot  tram 

Eddit,  ligfat-DhvigDof  J  Cepliai,  3SJ 

E^Lg,  fpectruin  of  oiygeo.  28 

EJoctiiirltfi  fprotrml  inflntbcot  iApir^ 
fffitly  TLndfrntood,  0  ;  trndtilalnrf,  21; 
tnppoHd  flrTccUveDm  [n  cIe 
■plioric  jUmpinitiDD,  lis  i  adjon 
Id  dorouo,  137-HO 

Elkiii,  ]>aril]ak  of  Cai>eJla.  B»| 
maanrernentt  af  tb#  Plnada^  41t 

EUaraiaTi,  tErvtrognph^  at  rarbaa  M0^ 
]a».21<;  ofa  WolfRmr^tnuiF^IS* 

BUla.  solar  and  nui^iicitT  pvHoiUdirt 
154 

Engcliiiuia,  cdoiir  of  A  C^grij,  301 

E*piii,  apaPlTum  of  a  Herculia  dwib  bft 
It43;  pBlAlogiia  of  loiinb'tV[t«  ttM\ 
316;  ■pHJtnim  cf  0  Pptwl  B3fi  ,  rf 
R  CoruDie,  247  ;  colocn  of  atBi,  iiX 
2.M,  2fi7  i  II^CH^itivif*  of  B  <^(, 
3£7s   n^Hlod  pvriod  of  03  <j^ 
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BAB ;    red  vun   In    Pervaiu   cLuatDrH 
412 

fiienlied.  phaiognphf  oT  Hub  ■pwtmfli. 
iG ;  coEiEiliutiot]  of  »vur>iDg  tijcr, 
17.  4S;  light  Srom  B[iot'iuiLbrK,  7fi  ; 
tliEir  ipei^rA^OS;  proiDiDBiH-ftpACtrTini. 
112. 11  fl.  119;  tsunliini  Intlia  f^hrema- 
fpbrnL  lift 

FfebdciuB,  Tui»l>nily  M  Mini,  S4&,  S4& 
FacnJiR,  ooBUBtioa  wllh  gpute,  7i,  101, 

15[,    163,    Ifil  :    rtalnh  aad   rlifltriha- 

tton,  0B.  100;  plic^togriplud,  99,  LQO; 

roliUtOD.  146  117 
F«yo,  tbaauu's  lotAtioHi  Hfl 
Fonot,  iD4p  of  bLub  in  U  U.  410 
Ktefi,  ditturbuf^  of  nvflwing  itrsLnin. 

50;     dfptli    of    clirDirioipbvT*,     JOS; 

ot«erT4n«i»  nr  proiDlJiflricu.  103-lOFk 

n« 

FinUy,  pvUliu  of  AfiUnflrSlS;  magni- 

Udfl  of  7  Caribie,  271 
Fitiganld,    clActiicAl    rsUtbu    of    t^c 

htlu  coratu.  1 40 
FluiiJijAriniL,   jiftlauni    ft(    daDhls    itam, 

2eo,  ■mi 

tlvDkteed)  nabvloa^tf  of  5fi  Aadromoitir, 
4Aa,  467 

Flaurry.  varlAEiDfu  vf  R  Seuti.  3U,  3ft4 

Flaming,  HriL,  duvavarLH  rdiI  ctiMiiflcA- 
tiau  Df  variable  Atan.  Ififl.  r^7 : 
iletVL^ILoD  of  on  eclijniug  »itir»  314; 
dupllEitj  of  0  Ly^iK,  3^6  j  vuEuibiJLty 
of  W  Pi>pi]U  362;  of  V  DelphinL, 
2Se  ;  diiKOverf  of  ^D«a  Narmiv,  362  ; 
of  iiovi  rj«ntmiiTi,  Sa4  ;  of  PifiXa 
tfAgiturii,  30.^  ;  of  a  plaiwUrr  nebvlt. 
47)5 :  Kfirjclruni  of  h  itv  ta  Libra,  Al2 

PuiDJilLfrut,  chitnclar  of  ^pcctnini,  201, 

FoivJiTi  ]ihoto^rapli4  of  IndlUi  acljpa?j 
ISO 

Frtuku,  cntoun  of  sUn,  £57,  200 

Frauuhofpr,  K\iirty  of  fte  solar  apijctnioi. 
23.  S^ 

FrAunhofDr  -  liau*  iTicir  ioliirpHUtbs. 
U,  17,  91,  30p  UP,  34;  laalioD'iiB^ 
IiUc<in«TiU.  la,  4^  144  ;  nnidfutittui 
rcHiiluirrn,  3S  :  variability.  ^7  ;  Hflti^u 
of  pmuure  OD.  3A,  Gl  ;  nlructunU 
compbEilliia,  40,  11,  «3,  243;  trmn- 
qiiUlilj  of  oiigJnatiiLg  dtmta.  £0,  164  ; 
Ln  «Bii-iip»ta.  D3,  140^  in  facals.  93, 
1411:  in  rnflMtAl  aoTDual  ti^l,  132; 
In  bjHctniiii  <if  An<lromMa  nibula. 
440 

FroHt,  IbvbI  of  auD'tpoU,  79 ;  thfimal 
pow«  of  umbriE,  81,  S3  ;  rcftaotion 
in  Ihfl  MUD,  167 

OadaUh,  dlKowry  of  ^triii,  33 


flalff,  dliMTaT;  of  ati  aTiaalar  nabaU, 

460 
OjJUum,  ncogDiilofl  lu  tbDnin.  28^  11^; 

Onltou.  diiuHpticm  vf  vtltr  cdtotik,  1 23 
Gautlflr,  iim-Bipot  aod  nii^elic  ptm^da,  3 
Oanbwrun,   R>  urKon-baiidA  tm^bt  in 

spKtnun,  2ia 
Uem'DDrutD,  V,  dilTuflf  aajwct.  361  ;  U^bt^ 

atiuga,  a^fin  36  B 
GumitiDraiD,    f,   a    lypit^jil    sbon-parliHi 
vanaMs,   310,    VIH  ;  or^it,    3'JD,  3S0  ; 
naiuheifl  of  lU  oIom,  yA\-TA& 
GllL  Sir  David,  Cape  DnrcbniijAUrang, 
173  i  apEcLroKmipl]  af  diCuDLdurL.  153) 
2aV  ;  oijeBQ  it>   fltan,    Ifti  ;  sg  Cea- 
titiLri  a  mplioa  df  tbo  kuil,  192>  100  ; 
pvaUair  ofSHiv,  \9S  ;  vf  Fomolliaue, 
^i>2  :   of  CdDtpiif,    204^    fji»[rijm    uf 
yj  CvlDB,  23C  ;  pbotoifra^h  of  Arxo 
oobBla,  507.  50B 
Gillid,  rediLCHi  of  -r  Carioic,  371 
Goodrtdd,  tarUbilitj  of  fi  LyrB,  337 
iian.  dimoveTT  of  V  Orioqia,  350 
LIotliaM,  bilgrbt  Iid«  m  y  CaaaiopAlB. 
243.  24»  ;  ji|>ocUnl  chukgn  in  fi  Lyrv. 
33fi  ■    dtra-titileL   ftpeclnim   vf   ffuia 
Auhgiiii,   361  ;    <jf  pUueUir  nrlmlE, 
17V,  4S2  ;  of  umolufl  in    L/td,  43B  ; 
af  dDmb-bell  itr>pii1a,  517  ;  plioti^raph 
of  DLiL!lFAr  bUT  lb  E^yra  nebnU.  447 
Gould,  ml  Btui,  2£i8,  241  :  vulftbility 
af  Ra  8a«ittwii,  30a  ;  of  R  TraaEolu 
324  ;  of  1^  Pnppia,  362 
Gravity.  tmiutTitnihaliDg  action,  2  ;  uul- 
vsralLlj^S;  mamleEftnca  af  itin'i  bait 
^Y,  14  :  UBuIrali'mtion  of  eOwta  upon 
wlarappAjiilai^.  10,  fil,  00  ;  efliutlTB- 
a*m  b  Atan.  ]Q4,  201,  206.  207  ,  gala 
of  powar  vith  coDiJoowtiou.  S?*^ ;  ib- 
fluitiofl  oD  iMIar  1eqipQ.ral]Jr««,  :27l 
GrMtubridge,   laii^jiDil*   of    R   Capbal, 

Qnuch,  coroDB  of  1867.  1S7 

GrorVi    Abacrratioid   of    vaiUblo   aUn. 

964,  3«1 
Qniu  and  Laaka,  ■pflotrum  of  R  LHDi», 

'ia7 
Ciatlmiak,  long  Lucqu^ltj  oTKJra,  34S 

Hdf(?a,  miaJinaDi  nf  U  OoDiLnoruii],  366  , 
prriwliPlly  of  B  Pcreei^  370 

Hahn,  midear  aUr  iu  Ljn  atiDular 
DcbuJa,  486 

UnTf,  pbuCDfTaphTof  promincncH.  0,  IJL 
»9.  110  ;  dnpUcit^  of  D»  67  i  carbon 
ID  tbft  cbrouoapbrrv,  11B;  «p«cUB 
of  prortjitirticte,  11$,  IIH,  131  ;  prtr- 
iiiiiieuc«'f[inai  la  diyli^lil  and  during 
fcllpHfi,  I'j^D ;  niJigDetii?  r?latJotu  Af 
chraroDiptiar*,  107 ;  vpfdj-aflnpba  of 
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cftfboa    sUn,    IT?,    IftS.  ai4,    320: 

EpnrtJiuu  of  NoTfr  fvrMi^  S>3 
HaU,  iDi!>mrflm*nt  of  lUr*  la   PrwcpCi 
412;  itiTUiliililfar  tUriuLfn  aabuU. 

Et.iity,  auran  of  ITtO.  IM  ;  nafalHilc 

n^liDt  riuctiati  of  iht  nD*t  VDakd- 
cB?d4fie,  73  p  tfdwiU  of  Hlar  pflrndi- 

cilj  npon  l«TMtri>l   inDvpismT^  168  ; 
thflrvT  of  tflTuiunry  nut,  Sltfl 
Buuky,  dirk  marktnij^  on  prrJntiQeiicef. 

eoroniJ  itruclnrfl,  ISO,  1*0 

Hirtte^uiJ  lUiiit^.4pt^lli>Dof^UluiB- 
linn  iH  solu  flL>t4:trDTa,  2^ 

Hortiirif;,  minluii  nf  Z  Uvrcniit,  314  ; 
lijlii  cli*ngB  o(  S'  Cygnl,  )ti7 

[jutert  kEaf  rotitiart.  HS 

Huitlbvrg.  fuT«Htigatii:>nt  of  ni«U]lU^ 
■pwtrti,  2fl  ;  «n«ll»m  in  ih*  nun,  Ai 

Hjunluj^,  GomUtultuD  of  HDltr  Aluo- 
flp1iflrt»  71 

HelliUB,  *  comtLtneDt  of  promiimma, 
19,  113.  110;  (irm  Jib*orptire  la  th« 
flnn,  2t,  &A.  CO,  03  ;  I«Tflitml  di*. 
tttvtFj.  20.  M,  174  :  ipKinun,  S7. 
£6,  713,  IM  ;  propertied.  b9  ',  alwrp- 
tion  in  «iui'fl|>€iti»  Si.  ISCl  k  cod- 
itidicbt  of  gunoaup  TiebalBi  174,  i7T» 
47ft.  430,  400;  nhmtptioij  in  nUrs 
174,  IBl.  igO,  lei.  ISfi.  225,  228; 
cmlnlDD  In  niua.  17G,  IM,  11^7,  '^Zd- 
228.  3fiOi  In  Nn™  Auiira,  a7fl  ;  in 
NuVH  Pcraai,  Qfl3  ;  tniitd  brifthl  asil 
dirk  vr^u,  S-2[t,  230,  'J^S,  230  ;  in  ^ 
LyT»,  SJS  ;  jallow  aarita  npnuntud 

HfJium  JiUpt   illRtlngnlHbiKl    by  Vogpt, 

174.  161  ;   chuBcLetiAtLlZfllUJ VU-lflUDll. 

189-1P5;  OBtulw  mlrtioDsliip*,  IBS, 
100.  V%  277,  271),  462  ;  di(tri>.iiVon, 
ZSe,  £45  ;  pu<  into  STrian  iti^B,  ]97, 
272.  277  ;  witK  bright  Iidih.  2^8286, 
24H,  2M  ;  atiAtx  iluikiiLly,  272 

Hfilmtrt  citAlflffUB  or  fltnn  lu  U  ]1,  UO; 
thtir  Tjuialiilitj,  411 

Hfilmbaltt,  gTAvlUtiotiAl  h^Hhuu  of 
uIbT  HllbtcDtnlkoH.  It 

HflTiahfil.  A]fi»]i4)^r,  spectra  i«rid,  bS 

Hwkel,  CvollEifl,  dbuovBriB  of  QBbnlc, 
441 

Uonrhel,  Sir  JoliD.  boltTxIosLty  mund  t 
OTiniA)  ISO;  colaura  r>f  aUrn,  2fi8, 
2G9,1]2:  DUvrvniioDB  of  duBli^n,  414, 
425;  !ieh«lMi;y  of  1&  Mpiin<yiroliii, 
420  ;  glolmlir  cluatera  u&ialOfliJeiE. 
42B;  ol>ier»liopH oruebalai, 441,  443, 


itfl,  447.  i>&  laS  ;  doubli 
4^1   453  i  EwbuLjiu   sUn,    408, 
4S5, 4M  I  OvI  DBbdU,  472 ;  tii- 
plunUiy,  4fiO ;  Mjv  HCoUJtu  b>|dvDi^ 
t4.n«^     4£I  i      dnrrtpliiiii     dT    l^n 
nebttla.   444  :    paucUnci   In  d 
4»0 ;    kri«bla«n  oT  ■   wUr  1b 
nebnU.   &04  ;    iChti    la    AlCO 
fi07  ;  drsviag  of  Arga  scbuU,  £01 
Djnhiplt    alu-    ID    IVifld    lulral^ 
610;    DlM>rntiati    Af   On^ 
All .    duDtb-boll    notaila, 
mialBLnrOi  b\7  ;  aha«Ttffobi 
■]>!«  aBl<u1J^  526.  £38 

Hcr»:liel,  Sir  WUliiua,  Jmchmj 
biur?  lUn.  S  ;  diTuiap  af  11 
cenLL^  U33  ;  4?alr»nr«  ^if  douUa 
2^9.  2Q0  :  oUerviUoiu  of  Mvm,  M^ 
S4ft;  tebuloiw  kLati.  liSO.  4«^  441; 
pJaooUiv  lhIiiIk,  47t.  441  ; 
a<b»K~4ft4.  4HV,  493;  ■^Ht  ^ 
IVifiJ  Dtbnlk,  £09  ;  nioltipla  ifar  a, 
&Q%  511  ;  TLfiabU  04lHl*  obMtvi 
hy.  1^26.  A2fi ;  dirt  bal«  in  ctortfpn, 
£41 

llcvflliiu,  inA£Ditqd<  of  R  Cvptuv^  ftSt 

Hind,  1^  vUTh  U£«  :  Tuuliou  of  8 
Cuoi  30e  ;  of  U  Gamibanim,  3U  ^ 
OMaetim  of  T  Taan,  373,  ^3Si¥» 
lentyoruj  attni\a^  A23 

HoBltr.  pviDni  of  itun  in  Um  lUirr. 
290 

HoldflEL,  palftr  nya  of  Uic  cotod*.  119  ^ 
d&rk  UtLH  m  H«-culu  clutBT,  U3j 
b«bal  Mbdi^  474  ;  ttmcfiv*  oj 
umnlii  nibnlc  iOfi.  430  ;  &&■■  c/ 
Sntiira  uebnU.  4^3  ;  lUspcclAi  chM^ 
in  Oriiin  utkrulk  S/OH  ;  vmri&bditrltf  ■ 
aUr  *hhia  iU  compi^  504  ,  mla^) 
df  kUvntloii  in  Om*^  Debal^,  £U  i 
ttupIiraU  iiondfflcrl(kl  ntbulat,  &li 

Hom.'itelD,  tiu  tun'#  miAtion.  146 

9owlett,  caEifarnutioQ  of  lUQ-ipobL  8^ 

n 

!|uggibft,     Sit    WEUUm.     faaudfetlcn    of 
■pwlrognipby,      3    ;      vpi-lju 
DnpplffT'ji  pnnriplB,  4  :  dAj^U^U 

Dfil  phoLp^phf,  20,  lac  ;  

•UorptloD,  23  ;  bjdrageii  tpDctrttt. 
£2;  duplidty  of  Dl  &7  ;  «]«uiiAl 
thHrr  «f  ADroiiA,  laa  ;  iipAiVt  o4 
daub]*  tUn.  1«6.  Uflfr,  2«ft ;  h^f 
eliBifiutiou.  ISO  ;  «utiliLiia«  of 
IfoTi  Aiirigir,  378  ;  flpeetrmAC  iiAbdli^ 
443,  475.  51%  £20  ;  DcbuloihT  of 
It  Andromfldie,   lOfi  ,  temporUiu*  Ib 

HiigfpnB,Sir  WilLiLBS  and  Ladf,  vpHtovB 
of  cutcmm,  UA;  ni(R^eb4baDf|<tln 
lu  lUn,  17a.  191 :  BpHtravmifai  tt 
llisnl  lai ;  afVasa,  ISZ  -.  oiAntm. 
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lh2;  at  a.  AqulLv.  36£;  etbcl  of 
Ei&vity  uii  bWIIot  ipvcln.  201.  374, 
37fl  ,  BpMliLiRiaplilt  JiLrrmtiKbtlDU  Qf 
trii'CiiJiii  itaw,  ^1,  2,1^  J  Wolf-lUjflt 
i|-<&.nt4iD.  949  ;  Ep«clr«  of  daublc 
ittri,  204,  S7Q  ;  ilellftr  tompenturu, 
37il  ;  orvfBuln^f  Lyrr,  iSS  ;  onlinawa 
ollrt-ndel  DBtuInr  rij.  4TG,  50S 

BuJipbreys  tati  UoUer,  affocCB  ^  prct' 
ran  oti  tficcLra,  3fi 

HuaMy,  obflerviUfit*  of  Cap^lli,  MB  ; 
(fCimj-kfl  f!  Nova  Cenl&uii,  39& 

Huje*'"!,  I'urlabillty  aS  P  Cjgni,  234  ; 
nuLti.e  uf  Orlcm  ueliutA.  4ft& 

lljradeo^  &  uau-pcbulau*  clnAtrr,  412 

Hydro^u,  uUra-vin]t<t  4^«lnjDi,  3,  53  ; 
□  cbraiuO^plifTlc  oDnitJIuaDl,  IH^  Ifi, 
&6.  115.  lie.  Il7i  hinTtomc  reUUDim 
of  AperlTAJ  iLiiffl,  fi2,  &3;  n  vcoijij 
Avi»  oliBcrvflJ  Iq  Btart.  fi4.  lTfr»  Iflit 
lfl7,  199.  Ififi,  £87.  23BH^0t  i4Ai  ii 
btbaljpt  179 ;  e«K|>F  froDi  i!u11i'd 
atiDDsp^itrg,  &&  ;  spcclruia  trun?ftt«<] 
in  the  nun,  5fl  ;  bright  in  «qD-apatii, 
9L  ;  in  fjieuljv.  101  ;  Abiorptlva  AlTecf 
to  ilvm  179,  161.  \&Z  m.  197,  2C3, 
aiOi  briffbl  in  vAriU'leA,  lfl&.  332, 
3£2  ;  in  Wium  aUn,  !>SV-33& ;  In 
WoLr-RAy4tkUr>.  ^37-241  J  iu^Lnit, 
S^fl.  a:!9.  340^  tn  Ndvh  AnHga,  »7A  ; 
in  Non  FcncC  3EtO  ;  Lu  aabulft.  4Tfi, 
478.  4aS,  000-502*  £3fi,  SUT  ;  Irlple 
Atructan  of  bright  Ua«  Id  UiiB.  324. 

179.  ISZ  197-202  ;  dflTdopmant.  272; 
tflni|«rLliura.  £73 

iDgoll,  AtmctQr«  of  i   Jty  uabulo,  142; 

vfui  uiniLl&r  nebulH,  492 
Innc*,   ibVF«li(fiiCioti  of  f«U]iAing  fliin, 

SIC  ;  mi^nUudf  at  7  CHriDJF,  371 
Inni,  ■bnTptLCD  in  wlu  ipMtniiii,  30, 

40,  41  .  iu  tfiQl  tp^<:t,tii.  90,  92,  99; 

ia  fltollar  «piKtr&,  lS%  lU,  191.  SIC. 

V'riglil   Uiiu  of,    Id   Uin,    235  ;  Id  x 

JuuoD,  diKOTt^  fiT  P  CrgaL,  334 
JaDMcD*  hW  pbotocnpbxt  17.  73,  7d; 

i:nr"r>aaf  1^71, 13&  ;  FnanWet-tinBi 

tn  coTonil  flp»ttum,  IS'I 
JftVBllt,  rcnuUTHof  t  pliiMUry  nebnlii, 

Jwclli  toHkHI*  PrmanLcfet'liiifl,  97; 
efforts  of  pnuauiT  on  wavc-lengtli,  3fl  ; 
■ktructEire  of  rmQnbnfvt-ltmw,  4Q,  41* 
163  ;  fitamuiri-lliiM  m  rhroma^pb^m 
■pHtram,  118;  roUUrdi  vt  rcvoruiig 
Ujtr.  147 


Julim.  nkr  pbmnmBDA  eipUmsd  h^ 
KjioitiiJouh  TvTnttLDJu  147 

Kuit.  qittDTd  <if  tbo  ctaitlltd  precvK,  £4G 

SaptB)'E«  fetalluilulnbutifii  ADdi<p«tnl 
divertity.  173,  fi43  ;  viriibility  of  R' 
Puppit  311);  ptogreARiTfl  ill^itniiLHtloa 
or  QTbaliitlty  njiiod  Kutb  Frnfij,  39A 

RmyHr,  iptclriU  irrif*.  ^3 

K^yw  ftud  Eungc  mebllic  y]j«tt^  26 

K«leT,  import  of  fpectroftCO|rj,  S  ;  cilI- 
cidm  m  till  ADD,  11&;  hall  urn -fbitarp- 
lEnn  in  KigfL,  174  :  ndnl  vFlocitlAi  irf 
bfilulc;  I7r>  trO.  t7S.  4«3,  49a,  499: 
e|ieclroKOpic  ludicatJDa  of  bi^h  MO- 
pflimlurr,  Ifll.  2DI  ;  bright  Lin«  Id 
faarlh  Ijpc  Apfctni.  21^  :  Bp«tJ-un  el 
a  WoU-lijiyet  itv,  'J3lt;  tydrogtb' 
lETelop*  flf  ATiniber  nptt^iihon,  241; 
ipflclTQa  of  T  CkHiogwib  i{4 1^ ;  D  Jinv 
in  0  LyTE,  344  -.  pbotopApliB  of  T 
Tiuii,  373  ;  of  Msbule,  117.  413,  44i| 
467.  4fia.  4^3  ;  of  clufltu  m  Horoiibi, 
433  ;  erran  of  diwigJitnetn,  447  j 
doublA  riffbnlc  4fi3  ;  nfr»1  hsIhiIi, 
itQ  ;  hpKtron:opiL:flA.[4Tiii;eut  LIU  rota- 
tioD  flf  A  nflbntA,  1<S9  ;  clreniiiKa  of 
pUDdtvvfl.  47a,  478,  479,  490;  dv- 
Kriptkni  of  Owl  nebulb,  473  ;  W«bb> 
j»lADetAry.  480  ;  fp«Tlruip  of  a  ■Etllur 
DebuJi^431;  ilmcEurH of LjmicbulA^ 
iB^l  c«utnl  Btu,  437;  brdrc«Bii 
<p«trLiaEmafbij]c49D,50(l-  kivcddiI 
photoiftupb  of  OriDD  nebqlo,  501  ; 
tilErft-vioJftray  iBaptatnim,  A03  ;  Jtpoc- 
tmni  nf  TriHd  ii«bii]i.  i>\Q  ;  cmTtipltt 
rifxT  In.  fill  ;  pbcdOKrtt>>i«  or  Bind't 
TBjibble  aebqJi^  SZl,  535 

Ksplcr.  IhVia  enouuced  by,  1  |  preauiBD(» 
of,  a  J  LclUr  to  Bcr*.rt.  5ia 

Kay.  tTjnetim  of  oliidiiIu-  nrbulm,  493 

Kcy-)]Ol«  bebals,  rvltiiDiis  to  of  «att«nd 
am  AO7 ;  eidDctioii  of  ou  of  It* 
pvlii,50&;  ipei:Xruju<  509 

K-uch,  diteovciy  of  k  globalAr  cJUfltdTi 
433 

Kircbhai*,  in1«rpTetHtifl1]  of  Fiwmhofur- 
llDBR.  13 

Kilvbliofl'B    Ia*.    disregarded    by  inlar 

bellnm.   93;    by   uiabuliu   gurii,    402. 

4fl7 
EliDkBrfau,  panllu  of  tlizv.  290 
Knnpf,  optical  nlbiktla  of  nv«niaglm^Fr. 

IDS 
Kaotti  DtbulDoi  upeot  of  U  Gvmliionmi. 

361 
KiKib,  vuidUlity  nf  R  Lm&Lt.  355 
Kubl,  fulingcf  H  rod  iilu-,  374 
Kankuly,  lajx-clntin  of  y  Ciuiia^m,  t4[>; 

at  V  Crnfibl".  SAO 
KrUgs,  qiKtniin  of  ^  L«nlji.  S27  :  of 
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LigooQ  uboL^  biTolm  ■  duiar,  42A 
jffiMmAm  obmmAioia  «f  S  Vnm  M^ork, 

A5f ;  of  DncD  pUfBtAry^  ill 
Luant,  nUBAmntota  of  U  II,  4t0 ; 

poHibJe  Umponfj  lUr  Iil  411 
Imbb,  omittRry  tnnoM  id  aaiat  ooniu, 

124;  lieaUiigof|ViBou^bathnw|li 

IdUgLoj,  tKlookBbric  sairtj  of  lofrm-nd 
■]>Betnui.  £2.  S4 ;  m1«Ut«  ■bvarptiou 
In    h!u     tbDHMplHFa,    64,    TO  j    baki 

■icppftge  la  tarrutrUl  Atmnptiam,  65; 
nJALioa  of  tempmiian  Ui  •pnliml 
cgBxgy-cnrvB*  64  4  ti«lofBiiii-9pMi|02; 
pbacivBtiaui  ^qriag  wlar  acUpW*  123, 
137  ;  Ddltiple  nUr  b  Trifld  BtbnU, 
511 :  gift"  <t{  whiU-kot  inOj  692 

Idplftc«.  iplf'iibtariition  of  wiDllgtiti  TO  : 
dark  mijuB,  100 

1^H«II»  hUr  in  ■  J<iub]4]  Qobula,  454  ; 
doKripliaa  of  ■plaactArj'  uebula,  4fit , 
obftcr^kliDEu  cT  LnaaloF  nebula,  iHif^ 
400.  4V^;  at  Tnfld  ubuU,  AOV  ; 
niltlpkB  ■!■;  IQh  ail 

La  Clia^lier,  tempcnLDir  of  (bo  ina  M 

EHbule,  44J 
Ubmnii-FUb^  DFbit  of  ^  Aarga.  2t*] 
L>4«ijt,  apfjitn  of  EDLi*i]  v«[WikTi,  SI 
LifetiL    blulr'fi]^H4    promLn«pi»,    llO ; 

drmwlni;  of  Mlv  FDroQik  127 
LlndBOiHim,    ob«r\alLOijtf   of    V    Cj^t, 

LfLtrovr,  triplf  nnbnlj^  454 

UveiDg  Aod  I>«viu-,    ipttctrain   Of  hqniil 

ttwain-lJDrft,  49  ;  apeclnl  aoris,  ftS ; 
Apoctn  uTthtc  nUuiupberHi  gUBfl,114, 
120 

Lflckjrvr,  fllr  EfDrmAn,  applloatloti  of 
l>dppl^'«  pHni?]pU  tc  the  auu,  kS  ; 
■IflUrtlcb  m  ibe  auq  of  carbon  oad 
vaiiikdiuiu,  ;S].  32  ;  iliupiimrmcc  of  h 
FTWiDtiufBT'liLB.  3?  i  pholtjgni.)f li B  oF 
flash  4piBctnim,  4fl;  porlodicat  chBu^nii 
IfL  apot  apATtTL,  H9  ;  idIu  iltuncliiticn, 
t>0,  9B>  U4  ;  cuhann^l  linvs  in  rbn>mo- 
■pherlc  ipvutruDi,  [19;  caroua«f  1671, 
12^-,  wnp-ltiiffth  i>f  fnen  oorwial 
tuf,  130  i  tptcLnua  of  BellatTix,  ]»1 ; 
of  a  Cyi^Dl,  103  i  af  tf,  Aqnila,  231  ; 
of  g  SegiltB.  S2S;  1«fDp«nttm  oT 
dtetric  ajArk.  273  ;  flfnturL  oi  &  hjnf. 
33U.  310;  nttetiTii-  hj'potbulj.  461, 
GS4 

Lockyer,  Dr,,  dblarl»iic«  of  ij  AqnilA, 

LolUft     O..     iqvMt%atian     af     nriunr 


tpeetncEL  SO  :  pliole|EnpUe  mm— i 
of  cluaUr  ia  Pvraca^  4lJ 

511 
Lord,  •pocDvm  of  a  pnminaxe.  1 14 
UiAK,  phaxa  of  U  Vu1|Mc«U^  H34 
LnDt.  tpcctrob  4f  r  C^is  kmori^  USj 

fOicaa  u  <Un.  1^:^  IVI,    IM 
Ljn,    ^.    nnabiUtif    im    bgkt,    JO?; 

■pBctrnm.  33B  ;  chaagw  tn^  AM^  Hl- 

345  ^ -ntBiiv  3M-I4t  MS ;  «Ml>«ib 

S4&,  U^ 
Ljra,  riog  aebt^U  in.  4U-«M 

MdCIsu,  pliotograpfc  itf  a  tcibirw  (u4. 
£S;  ipeclnjHcopto  dhsncCK  of  iba 
MU^j  War*  17^  3M.  549;  hjv« 
la  dtaia,  17S,  232.  2a»  ^  ^Etllai  «1mi- 
fiutjon,  ISO,  1(»7  ;  imparlaoH  of 
baliLiin  ftUn.  lAl  ;  Kpe^^tnl  qu4Utj  <rf 
euljr  Hta»,  ISU;  ippctn^rafiu  of  y 
CjKui,  201 ;  of  Aui4riaii  uar^  HI . 
gf  q  UaiiDB.  23fi  i  »T>tan  of  j9  Ljrat 
33»  ^  fpccUmn  of  4  Oriooia,  4A5 

U^ler,  fOEOuof  IStl  Ju|j  lMO.lt)> 
HTekbteor  Uibr,  $91 

HiccUanic  cloudy  afuJogy  to  MUk; 
War.  1«7.21%  Ml  ;  Wolf-ftayttsin 
coalalned  la,  2i2  ;  »balK,  512,517 

Uagactuo.  toiTHtiiW,  pBnodidtj  «^- 
(nil«nt  Tith  that  of  lun-ipot^  S,  1&1; 
jympatlt*1i«  ntpODH  to  aalar  ^la 

ttciu,  i:;a-]so 

AULa,  llt;tjt-tw*et.  415  »  atU<^«iJ  Bih- 
IftoiLj,  i\l,  44«,  523  ^  aupKbed  •hr> 
lifbt-cliaag*,  121  ;  fep«tTVB^  53t 

UuDD  uid  Smitb.  4hwr¥addH  erf  TrilU 
pebuU.  GOV 

Uanudar.  pnusuni  ld  rewnliig  l^f^  I'; 
baliom  apactrum,  5S  •  atraflim  of 
■un-apot^  88;  duplicaUd  dLitivb«a«^ 
SC ;  wfcLte  prqoiiubcn,  tlO;  omoul 
«Ef«i]air«i,  134  ;  »f<«4l  pfaotojnpbft, 
1HA  ;  vrtLptitfl  mtar*  of  prwuiMVCiH, 
137  1  EnovemcDLi  af  vpol-JKiDM,  \Vii 
»]i|]-  pniiudioiiy,  150,  ]£7  ;  coofCiii- 
lj€u  uf  orbulii!,  534 

Uanudcj,  Mtb.,  ooroital  phoM«Taplti» 
l:j4  ;  ui^tara  of  prominatiQe^  \t7 

Maary,  Mi»»  ilelLar  cliMftcatloc.  tW^ 

i«L  IS2.  ]a3,  1S5,  isd.  ia»,  102. 

104,  1ST,  30=.  20^  207,  310,  aifi; 
Apctrum  of  FonKlbaht,  dOl  ;  ««< 
P4fltu  *p«Crm  26f^  S6A,  3de  :  it;ffM 
tinaa  In  (UtUr  tpeuna.  383  ;  dupbrtlf 
nf  ^  Audgv,  2ttl  ;  ii>ar«ra  of  0  Lfrm. 
A^U»  341) 

Hair.  btuJi  hu3«a  iu  *iiD-j]igt9t.  7d;4i^ 
nGigcd  liTidgn,  70 

MpcLaiq,     diKortiy    of    a 
MbrjU.  S10 
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H«rap«t  brightBui.  41fi ;  attendBJil 
nobulia,  416,  417;  »uiip«t«I  wvi- 
■hLlit^,  421  ;  apDctJuni,  r.S^ 

}Sc^[fr.  dsBcrlptinn  i>f  Cnb  nebula.  SIS 

U"U]]oir]fs  m  the  piui.  29^  facility  a( 
apcctral  ftTikcemcat,  3J 

MoUln,  in  tbfi  auu,  26,  30  ;  ic  aUn^ 
181,  W^  1SS>  lat.  1S».  lOfi.  107. 
201,  203.  'j^OV  :  PmlHiari  by  in  »CH]lir 
HpHtTB.  2^A,  S34,  2fL4  ;  nliviDce  rmni 
nobulBc  S7fi 

MicbolaoD,     tomptTAtnr*    uii]     energy 

Bp«Ctf1llQ,    60 

Millty  Wbj,  pbotographift  stady  of,  7* 
5^9,  MO  ;  n  diBtinotiPt  <p«rtriHKOpic 
ngion.  173.642;  fwjneTJtsi  by  Woir- 
KaVfitntarA.  LS7.242.fi43;  bvLaliaai 
bUta,  109.  SS6,  643  j  by  cmbon  itus. 
221  ;  tij  temporu-y  aimn,  306^  403* 
613;  by  guuoufl  nabulv,  5PS.  600, 
&44  ;  br  gtobolu-  irluitnn,  44B>  &46  ; 
prabffliQ  of  cnDfltructlfOi,  Q^fl :  du-k 
opflLiagi  iii»  640>  £i4]  ;  omgnltDddi  of 
QOmpirftflDt  AUrSf  642 

BCriti,  chuvcler  of  apc^ctrum^  Ifi^,  332, 
ifS3  ;  niulLijilfi  LydtogMi  njt  in,  224, 

2M-.  TkkMltii'lu  d?tccU<1.  34S:  tD- 
couAuLcy  of  their  iiLEtboil  uid  kehoeidI., 

BiliUheU,   bjdroeoa  apxtran  in  OrioD 

aibnJft,  49 » 
M.iEU,    ft    ipfcbroKojiii]     binuj,    2fl0 ; 

Hoack.  thfloiy  of  t«inparu7  aUn,  37B  ; 

preferflDtinl  fitibility  9f  wbibeilu3,Ma 
Mdod,   projectile  chknclar,   2;   pboto- 

gtipkiully  itddUdi  7 
Morln.  drmviug  of  the  coroivk,  133 

1h  a.  2bG  :  in  tbe  &ud.  IB,  3A.  42. 106, 
143.106.  2fi3;  iaMira.224;  byrote- 
Uqu    in    at&rs.    ^0-23^  |     b    blmuT 
tjibima,  2BB,  2Se.  21^1.  293,   295  ;  in 
KlipiitMf  F*i«,  300,  302.  303.  307  j 
In   ahort'ppnod   TirUbleH.  320.   S2V, 
331  ;  In  ^  Lyn,  ^38-341,  349 
MuJIft,  T.,  doab]c  ncbulft.  46B 
Ub)]«r,  Gp  ADd  K«mpr>  variabJlil;  of  ST 
Cygni  SaS  ;  vr  U  Vulptcul«,  334  ;  of 
X  Pnnei,  360  ;  photomotrlti  omtaloguft 
of  tb«  ?l0iulH,  421 
Mjen.  tjKUtn  of  U  PegMi.  332 ;  of  fl 
LjTH^,  341,  342 

NnguDTBU,  pbotogripba  of  BhIi  spvc- 
(ruDa.  4B;  helitint-abflorplim  in  tun- 
upoti,  04 

NflbnliF.  coTuwalol  vith  lauponry  stan, 


3^4,  394.  395  i  pliDtogiapUc  borttfri, 
443.441^;  Im^lu,  &DQ;  ogaJetol^ 
&lfl-£21;  Tuuble,  62-^-530;  diMribn^ 
tioa,  &44,  545 

NubulEp  gueoiii,  pKuliRribH  of  light. 
173.  251.  &3fl,  637;  hplhiTu  emJvlDDs 
fiDm,  174. 176,  4ai,  499  ;  imh^l  rdo- 
^itic^];7,470.4^J,4«^.4E)3,  49^,  tbe 
biAtriau  of  nLora,  271,  4fiD,  493,  490, 
4»&;  t^mpHTfltur*.  502,  &36,  63*5  j 
IHI^Tf  lumlnoAllj,  fr32  ;  t«iinitr.  5BA. 
534,630;  metnrlchypntliuLi  of  nop- 
bLUilUoii,  ^34,  6J16 

Ncb^ilvn  white.  ■Jicficntty  of  ffpoctrAl  iu- 
nwtifikLion,  171,  130:  Bpirklitf,  440 
440  ;  rin<^  447,  443  ;  HvoiilArm  oT 
Millrj  Wiiy,  44«  ^  r1oabL«,  462  4C3; 
clufltarlui?  ipndmcy,  456  ;  prohAhlfl 
wmpiuitJuii,  5^1 

ti'fbultr  jtbyfiu.  luffcfiwtble  Troip  Atpdiftr 
pbysicji,  171  i  oooditioLi  of  progneB, 
173,  174 

Ncbulium,  thborptlTe  lui-Apacity,  405. 
532;  dttUfr  tbjui  hjdi^in,  43A; 
ttrrBiLrULly  uubuoviu  i;e.  602 

KebuEomi  ttarN  lumluoiie  etabnily,  400  | 
HcTKbeil't  nolicfl  of,  itiO  ;  diilioctloD 
FitHTL  plKUDtarj  Ttebulir,  4^1  '.  FpQctrB, 
IftI,  465,  4fl7  ;  frec[nmiLly  flopipQntnf, 
403-4fi.'r:  doubtrm  iDSU&cu.  4^3-467  ; 
deiirablfl  luqulilefi,  407,  406  :  Jioa- 
4b«u-pliv0  BanouarliDgB.  S32 

NewAJ],  cip«nmeDti  on  coroa»l  tutUJOb, 
130;  dniilidty  orCiipaUL294   ^ 

N«vcani>i,  cODHtitution  of  the  utu' 
ooroQK,  138 

■pKU^175,  161,  iei,19i,232.  i36 
NordeoBkloIdt  ootico  of  dtvile.  60 
Nobm  AndroTDNls!,  S%t,  411,  460 
NoviL   A[|uilc.   nebalu  truisfcTliiKtlec. 

3AA 
NovftAunffn,  photo^phlc  iDVatigilioll, 

176,    370.   383;    sudJa    riH,  375; 

tlieoric*  rrgihnya^  &77-37t;  nebnliw 

I>hMo,  379,  381  ;  light-ourvfc  380 
NovkCtriits,  ^^hsngoB  io  apoctniD],  389 
NovLCimrAiEti,AppAJitioii.L'61-  ffp^clmni. 

3A4 
Navft  OjgDi,  mbiLUr  tnopfariDiiljfiD,  S82 
NoFA  NoEsuir,    iJhMographic   diftcorery. 

383 :    metuaarpbosla    into    a    nflhola, 

333 
Ndvi  FHTtflillSS?).  RptctrognphicFDcnd 

of  ippuilian,  334 
NDfft  P«noi  (I»01).  ruddflD   rba,   S83  ; 

bluiuf;   epftctnioi.   390 ;    lij^ht-curre. 

391  -.  apaaiTt.1   oltanUbao.    302,    flOfl  j 

fiebulou  eLTlromnent,  394,  3(^6 
NoVH  Si^ttirii,  RpHtrognphio  nuordi. 
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Omegi  nebnlA,  DODfonnAtlon,  fill  ; 
ii]]nf«i1  eliHBee,  ni2 

jc^F^ik^l  tbtnry  of  tbc  ?uu,  164 
OrbiDBkyn    njeiuunniaati   of   ft   glabnl&f 

tJnnn  nelinJ".  hel»nni-p*y  iu  ftp^clnim, 
171,  4&Q-  pbatngn^iitiia  RCtcn>lDiiH, 
190,    A9^-i91-.   nuolcar  BW-eTou[i. 

in,  40G  ;  hydrneBD-riLiLaticDu  ttorn. 
t.Q^-B02;  unknown  ultrB-vlolDt  lino 
in  »p*i:truiii,  502,  f,J}S ;  AUiipert«H 
nrtitiunii,  60S  ;  «niih]n  A^rn  IK  fi04; 
low  luaaiL  iIheiaJLj',  fiSB 

C«L  Dohuld,  cbKTTatiDEi&l  Hitorj,  472, 
473;  phologrDpbfs  470 

OijgeQ,  tdlHTic  AbaDTpUon  bj,  33,  33  ; 
prMsaofl  in  ]li«  ran,  26,  ^^7.  *J9  ;  dfti-k 
lines  Df  [n  utollat  niwrtra.  17S.  IBI^ 
1J>1,  19fi.  232,  230.  ^4U  ^^,  46fi 

Piiokdr,  TarUblD  «tAn  in  cluter.  43fl 
Pilnier,  duiLtiltulJon  afHtan  In  Sa-eiilbH 

Pirkhiint»  phuf^  <^r  Y  Bo.  iHa,  SIS.  314; 

Lrrc^irltf  of  U  ticmlnoruiii.   fl66  ; 

llfj^t-currfl  gf  3'  t.*ygni.  3«7 
r«iiheii,  mapcmliiijv  unl  vuor^  Bpcc- 

trunk,  63 
twk.  3ir  Culhbflrt.  worl:  it  ob^vrWiaty. 

254  ;    rigtit-ciirvi<   nf  ti   Una  Majmi, 

3£i3 ;  li^liL-Qbuice  ot  R  L^ok.  3^6 
PcnirSk  ile^cription  or  el  huii'^pift,  7&\ 

firbiritig  of  ii  puu^ppot,  73 
Prmua,   <Jipaiuii>a   af    itflbuloBity  about 

^ovn  P^rtn,  3fl4 
IVmstib,  Golonn  cf  drtnlito  atjin,  '2ii^, 

261 
Terzs,  F^Uivt^  i]ark  helLuia-lLUQ  in  imi- 

Perry,  FroFc^r,  mudei  Ab-I  tcmpmtDroA 
of lUPfl,  274 

P«tj-r.  masflTirfliiifiili  of  ciDdlfiR,  ISO, 
436 

Fhotufnphy.  ailvuUget,  3,  (t :  luur,  7  ; 
dcmblfi  iliC,  9,  18,  60  ,  itaEar.  IT,  26, 
40;  ahjotnofipburio,  18,  00^  kOO,  114; 
of  rflveivlng  laytr,  46,  4S  ;  of  corona, 
132-  lat  ;  ol  ifiiupoTftrj  nUm,  l7fi. 
B76,  3fi^  387h  3Sfl,  392 ;  ol  nehnkinft 
■U»,  190,  4fl2,  1(11,  4fl&.  400;  of 
Irrei^lbr  qqImiU-.  205,  607.  £06,  £09, 
£11,  613-61C  ;  Df  Narb  PorKi  nebalit, 
SM,  S»5 ;  of  PLvUdu  HflburrHltiM, 
416-4SD;  af  white  mbulB,  442-444, 
448,  44fl.  4C5,  4BS  ;  of  pl^nBi^fT  *n'l 
auJiuLu  nufmlfl,  472.  484,  487.  4^0. 
403 ;  of  Orioa  DobuK  4I>5  -  407  i  of 
tariabiB  u^^bulip,   £26,   G29  ;  of  atLlkf 


WLf,  fiS0-S41  ;   viib    pOTtml-li«a« 
A2S.  A13 

PhiotaiiiBtry.  !U  diul  lApetl,  ft  ;  of  Un 
Heiftda^  421 

rhotoopWo,  K  Mtwlim^  lurfKi^  Ifit  14 1 
leinpanbu-B,  4^,  A4  ■  06.  60;  cVb- 
litlEiatioiL.  »!£,  6:4,  C9,  70  ;  prohlem  d| 
forTniliDA,  402 

ptuil^  nchululij  of  Cfi  Andnmad^ 
466»  497 

P]ck«niig,  E.  C.  itu»TerT  cf  t  iilB^4 
hydrogen  fenea,  M.  337;  0wnl 
ftbiorptinD  tu  tolar  Ktmoapbo^ 
■p«tr^  chwiLcXtT  of  galjAia 
17A,  106;  Eilth  nUllar  typ*. 
■pvctniDi  of  riDvyon,  306  »  erf  II 
UoncfceratU,  SSS ;  of  Wolf-  B*nl 
vUn,  2^^,  340  ;  coDipfirite  tfUlUr 
f^Bcln,  266  ;  roUtion  of  AltaJr,  «11  ; 
eolljUH  dI  Mgd.  302.  SOS;  bffal- 
Carres  of  isoUpAlag  fton..  309  ;  phiBi 
of  U  C«pJ"u.  310;  of  W  !>*li]^m. 
aiS  ;  oi  B  AitUJs,  asi  ;  bLuuy  aw^ 
Ki^^r  of  V  Pupi^  834  ;  ol  ^  Lyw, 
338;  lifEht'Ourrv  of  T  Aa^va^Aa^ 
\iit7 '.  apKlmin  of  IT  G«iiiiniviiB^  lit; 
of  Novi   hwwi.  392;  "     " 

Noin  PerauU  aflS  ;  ap«cua  of 
PrfeH|Ki,  413 ;  cDimla  of 
416;  Aurnund  caudv  af  D|iuWr-«B^ 
bility,  4»e  -.  uUloguB  of  lUni  In  11  $, 
471M  ;  iiat««Eioa  of  jtoHir  ttabulA^  A§1, 
492  ;  npwiirnni  nf  Loopvd  natell, 
M2 

PEckrjia^.  W-  Hi  flpoctnun  td 
ntiuaDfiea,  110;  i^hotogrKphfl  of 
lOO  ;  af  Orion  trApwEiDa  ;  of 
iDToifLng  na^itiloaity,  498  ;  mo* Mitt 
of  the  etiUngled  BtMn,  4A1  ;  niiiiifi 
dIjUnM,  498 ;  qMulnuB  of  Odes 
uebola,  608 

PiHDtl,  dlicovQiy  r>f  R  SontJ,  365 ;  ei  B 
CDmUB,  371 

Pluviary  nabul*,  ^BiQltuB,  IIS ; 
iTiterta  nf  divUDction  Innii  ubalHi 
■tun,  4fll,  4(1B  ;  iipheitiiital  ia  rkbifv, 
469  ;  rsdift]  velodtjea.  470«  (;&.  45J  ; 
coij'jitn  «tnjDture«  471  ;  aucJdr  bUtk 
473*  474,  633  ;  fiiwlr*,  47fi-l79  :  U- 
nuclur,  4a0;  ditUibntJoii.  644 

Plutininn.  Ught-trbHnge  of  X  I'un.  S07 

PEeindaii,  heUDin  irpftctn.  181.  1BI.  611, 
420;  odbtiloiiBly  tavalvvd,  I 
410 -420;  ^wBTtl  «Ubilitr  m, 
408,  421  ;  drlftiag  norooiul, 
41&  ;  ft  tjpLcAl  ELtbuloiu  i^luttf,  41E  i 
fewneu  of  rvol  catD  poccnti,  416 1 
rei^FBiion  from  the  waa,  420;  ovniii^ 
fut;&1  LcEidency,  497 

PlufineJ^    Pnanhofer  -  Unn    iu    orObJ 
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PcgftaiLi   VHTinbilLty  af  &   Uraa   Mj^otia, 

SK3  ;  of  R  C*pb«i,  U9 
PoUriii,   ipvotrDin,    20£  ;    tripEa   ifaUia^ 

Pdlui,  Mtimutu  cf  niuB.  206 
iVrrv,  light-aufB  of  U  OrEuab,  S£0 
l^feVBCP^T  1DWUIW  of  compobi'tttd,  413  ; 

Uialrspaatn,  113 
PrilchKnU  pAiKlIu  Ofp  AuTj^Bi,  291 
Pm-IoTj  nfnutJAii  in  vna-fpoU,  80 
Frocfoiii    ipoctnil     relitionafaiiiii,    183. 
203.    inoA,    ^^04;   angii-alwcuiv   cDbi- 
pHtJoa,  400 
PniJiLiQDeea,  □LromoApberia  Qutgrovthfi, 
le,    19,   101;   pboUKr>litLTp    IS.  99. 
100;  TLtittlm  102.  Itl3  ;  raanDnnti 
Id,   101   106-109;    itmctiin.    lOS, 
IOQh  100;  lUmunrioLl  iUcidClDiiR,  1^)0: 
Hb;U;  »iid  UjKh,  no,  130  -,  dj»Ltruiii, 
1I6-1'.^1  ;  relBtLDDi   WLtli  aoroiul  jnU^ 
]3fl,    laO;    ejvcti'fl   cbinwiir.    137; 
tiicvt.4iLtfi]t«  in  Utitmlfl.  I&3 
Pcpifi.  roronaidAl  dlmbVfM,  MO 
Pyvi  uliHrvullD]!  or  rcvvmljJit  byiir.  41 

Runbut,  orbit  af  ^  ADn'^  Sfil 

KuiiAAy,  di8CO»cr7  of  Imljiim,  20^  BB  ; 
Hi  tlpctric  I'oniJiuTtii'Lly,  5U 

TterhyiinL  |>]iot>vrrrLpl]  of  a  nmfpoU  Tfi  ; 
coroiul  ftractam.  1 20 :  oowmI 
Lfpn.  12S  ^  Cfiutral  oUr  ld  Lyn 
ricljula,  'IS?  ;  ccuformAlloii  dI  (M«ii 
nrbalK,  4^6  i  ■Jliiuilioii  of  stui  in 
KtfT'bDlc  MhnU,  £07  i  dlmiuB  of 
ubnti^  Mli :  thtiT  1111411  dimh 
deutCy,  MA.  A»4 

Red  lUn.  AnUrluu  I7(i,  lS3i  309^ 
cwbon  trpt  Hfl,  IW,  aifi  ;  wlAbk 
ib  tifit,  SK1-2SS  ;  in  light,  3&2.  870, 
371  :    relntioD    of   oflr^HT-inlBiufty    to 

H»i1,  baliH  m  sc^ltu  llifht-^hEiJigc,  ii^& 

hefcu-tliu,  fliWU  or  til  Mill,  llirr  107 

Ikt^itltia.  ■  hQliam  aUr,  lfi4 

ridvonfing  Uyer,  Jlc^loaun  during; 
HlipHA,  9)  44  ;  potltion  hi  tbr  hd, 
H,  46,  ISI  ;  phobiffnpbfld,  46.  46  ; 
tii4]yiii,  47.  43,  102  ;  Umpenlirrc 
49  i  UBAiiuilllty,  SO;  ilifbt  pre^mre 
in.  £1  ;  uptii^&l  ntioiuilT,  lOO.  167 

Ricr^  level  oTBDn-ipoU,  80 

lij^l,  ibb*arptjaii  in  by  haUuin,  174»1B1» 
191  ;   by  tiliuoD,  193  ;  lunklnDhlty,  19^ 

Hitcbey^  BX|nliiliiifl  netnila  ronad  Nova 

Bittvr,  AL&r-niJUBa  uid  tfnuiKLnlimB, 
e7t,  27d 

Rdlnrt^  A.  W.,  tyiUni  of  RS  a>CTtt>rJi, 
30A;  datfction  and  JatHtigatifiu  of 
HllHhg  aUn,  319.  314.  310  ;  pbuet 
or  «  CephiU  220  ;    of  K  TrlmieuU, 


324  ;  of  B?  Cuntuii  331  ;  gT  V 
PoppLfl,  354  ;  of  S  Aru,  330  i  mji^i- 
tail*  of  ir  C'triiiBH  ^71 

IffibvriK  Ime.  pliotognpht  at  a  oirpolftr 
Dcbila,  190,  514:  of  i>liuun.  4ID. 
433h  496 ;  of  tbe  Andnjiunla  DdkHiln, 
440;  of  other  Hpnlis  441^  443;  <tt 
Ttfted  aDbnlB,  447,  443 ;  cf  »  Dabulouii 
«tw,  4Sb:  of  Owl  Dobuld.  47lf.  473: 
Df  umiilnr  n«ba1j\,  4SV,  490;  Af 
Trifld.  AOQ :  a(  Omegn  lubuLa,  [111  ; 
oT  JivnOcKiipt  Hl'ulr,  D17.  MS,  C]t», 
fj20;  pliotD^iapbiuHiinzlifurftviiDiabciJ 
oebulii.  5^ 

Roblniou^  obmrvBtiod  ff  Que  Owl  pcbaLo, 
479 

iLoHttt  nl&r  tfrnpemCnrt.  Ofi 

fiuat.  Lcml.  nrrau^i-Jiisiii  af  ulnn  In  M 
tfj,  410;  ucbuliiblty  uf  l£  |foii(> 
cvrrtu.  4^6  p  pcLrfarBrivT  duitfir,  4S5  ; 
ny  Dthulu,  442;  ■pirti  nebulio,  443, 
444p  44& ;  cDiik^fiirj  oabnlA,  440 ; 
obwrvftCioD  of  t5  AadnuDtdv,  493  ; 
Owl  iiBtiolA,  172,  473:  cfUtnl  bUih 
in  uatilar  i^biilK,  4S0.  468,  493  ^ 
Orabpcbul^  M8  ;  iflutoun  of  gnaHnin 
nebnlib,  Ei84 

RfltHtte*,  ifdu,  apKtmiMjpicfdJy  deler- 
minerl,  7.  Ltr,  114,  I4fi:  fnm  ar-ot. 
nujvemeiiU,  63.  142,  H3 ;  Troiii 
f^culn-,  14G»  140  ;  iblttmiiUd  viplum- 
tion  of  aADiDAlLn  147-149;  thH> 
»Uoil1  eETeclA  b  flteJliu-  tptctm,  SSC, 
2m  ;  lumppuout  ta  obm^ri'iiEiaD,  SS?- 
SM  :  r>r  t>laii«txry  nsbnla-.  480,  470 

Raivlaiul,  InvmitiDb  of  «;iic2r»  ^rulinEa. 
18  ;  ma^j  of  solar  upeclnuu.  25  ;  Ktlar 
cbemiflUy.  2fi,  SA.  30h  3l>  33;  pboto- 
gnpts  of  ULi'Ullia  apedra,  SO^  01  ; 
varjjiblr  l<VvniLbofar-llb&,  37 

RalwnB.  rfTii|wn(iirBind  ipeftml  energy, 
carve,  GO 

Kuu^e.  duplidty  of  clevito-ray,  37: 
faydnt^D '  (DTalope  of  d  aCv,  241; 
■pwtniju  of  Orion  vetuU,  £01 

Rungs  aud  Paaohaii,  eiy^n  triplet  ib 
flolBT  opBctrnm,  S9  :  apw-tnil  ifirien. 
fi^  fit ;  ipcotnun  of  heUnm,  &T,  £3 

Riiaaell,  IL  C-,  mofvoinitri  of  itai«  bi 
Juncl  cluAet,  414  ;  phalogr\'p\tK  awl 
Tuoal  ohHTTaLiam  or  Kcy^bvlcbobDla, 
607.  COS  ;  pbntograpbfl  of  C«1-flack 
raglOD,  C>4i>;  of  B«bTiLi>,  ft4t 

RuueUn  EI-  H'.  dciuLty  of  tdlpalng  ttart, 
SD7>  305,  310 

HydbcE^,  xpntral  kfldb.  HI;  (iiird 
bydrogen  anita,  1«7,  190,  i»i,  117, 
238,240 

BabLna,  aun<ipct  and  luifnatJc  ptrLodt,  3, 

la 
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Hibillc,  poiodlcijtjr  of  S  Ffln^  370 

flamiriffii  orlgtn  of  ik*  iokr  n>UtiOD.  lifl 

8«v«Jiftff.  kIu-  ndktiQii,  SS,  mite 

SfiwTDT,  v&rubilitjr  of  D  C^uclii  SU  | 

,    of   H    r^Di*    Hv'vu^    Sl>;    of  RX 

Bmaiii,  S1&:  of  T  VoLpKula,  32&; 

loiflteBU  oatbann  of  K  Lrns,  3M ; 

mlQiniRa  of  &  Conas.  STl 

tklmebfrto,  penpcctiTe  cffKLa  in  corvu^ 

]2<  ;  Ooroiui]  pboto^nphi.   125,  IfiB  ; 

^JHliTfl   tb«orT   of  corona,    IST,   16&; 

eDUTatmAtion    ol    nibulA,    474,    €02  ■ 

ptfOtogTsph  of  ft  nebnlL  &t& 

14diFlT]flr,    Lui-nUtidnfl  or  nu^aaiiuii- 

linBi,  49,  Ifil,  IfiT,  200.  201  ;  locm 

of    gaaoral    nbADrptikni    in    ^tin,    7t  * 

tempentqr*    of    ibe    BorQii4»     ISB , 

Huch    for    flltctrickl    vibrvtJoiu    in 

■iinlfght,  lEiV  ;  cbrfwv  Imlida  in  rtui, 

134  :  MBitltDtloQ  Df  ular  lUn,  207  : 

iomptinlurt  of  electric   ipfkrk,    273; 

laripieut  bri^bteniofi  of  Btotl&r  hydnj* 

t^ca  LandB,  2M  ;  pboto^pkid  4UJ«g«i4 

of  hUr  m  U 1^,  43IS  ;  apictragTiii^  of 

AiidroineilH  TiehiriA,  A^9  ;   pbDfo|^phB 

of  Dcbulp,  *&i.  fil3:  meuuremeDt  <if 

atuft  i[L  Onon  aubulai  4S>9;  bydnji^a 

■pcctniui  In  ncbtilir.  4Mt  502 

Bcbijki>«-Q]]H  colour  of  ^bina,  3S£ 

Si'bJQlleiiip,  red  it&n,  256'S£S ;  olsu^ 

vntiDD  af  f»fi  AodrarikKliE.  4fl6 
SchiDuIt.  A.,  optici]  theory  of  the  cdh, 

fldiTiiidt,  J.,  oobur  of  AJkuI,  2£^6  ;  bw 
tuiuiiuuni  of  3  CoDcri,  900;  detection 
of  ■  grrmp  cf  rArltblei^  3QS  ;  fluettifl- 
ticn*  of  f  UflminortuDH  3^8  ;  p^rLacFiiiil^ 
of  u  llcTr^iilii  nod  E  Lynp,  SiH  ; 
mlniDiaof  R  Comue  ftnd  iif  f  Anrleir, 
372 
ScboDfdd.  pariod  of  R  L^Tl^  SflS  i  vaii- 

oble  aebalH,  £29 
HflbiUtii.  cAatral  stir  in  Lpa  neljaU.  IBB 
fiobumaDD,  ooD4t1li]ttoii  or  Navi  Atiri^, 

378 
Bcbar.    HBbt-carvfl    of   tj    AijailE,     321; 

o^tabpic  \>f  slmi  in  PrEAepc,  412 
StiboBtflr^  spDutrn]  iMnca,  £3;  varifttioiu 
in  ths  dtctH^  Nmduotivit;  of  spud, 
IfiH 
firhvah  phflsiifl  af  V  Sa^tUis  S1fl 
Scbw^b^H  dlfcovtrr  uf  ?iui]-Bp^l  |*rlod.  Id 
St.hvTflfi4chi]d,  orbit  of  ^  Aurigw*  ^fi) 
dearie,  intigjbilit^  oF  etir  la  bi-uibnliv 

n^biilji,  4  go 
Sfec^U  du-lTiiiiiig  of  aim't  limb^  70;  mif 
vtiU  In  *[iot  ambn^  77  ;  eruptive 
hypotbtslB  of  9>lax  □QOBUtui-loTi,  iBfi  - 
looaliBihtiau  of  etolUt  VBriutici,  173k 
170,  ISl.  IBB,  XM  ;  bright  Ibu  to 
fOUtbtjpc   Bpcctn,    1&5,   213;   tpcc^ 


mm  of  ■  BmlA^  211 ;  of  '  U 
8opcrb«.*-2]r;  oft  Cmm^pm^m^ 
d4»;    of  a    Ln*.    396^    nkwi  il 

dflttUo  lUr^  aso,  2«I  i 

in  LjTM  nabalA,  484  ;  — *TT*r 
Id    Gqaini,    403;    dbv 
HlEd't  Ulint%  fl23 

3bb»  evDlutun  of  doubla  Mjtn,  ifb.  U^ 
4Ii£  -,  vlenmU  of  Qiiitis^  l^B  .  Mksr 
of  ffiriiH,  !1»  :  double  Hbal*,  4&1 

S««ligar,  idKtiH  ^bflorptioTi  {□  tba  vut 
71  ;  AoJar  TeFmclioD,  167  :  fif<flaBUr 
bT[ictheni  oT  Navx  Aong^  ITT  : 
lluwTj  oT  ■Lellar  oiiIIjiitsu,  179 

UiftcUttDB.  pbologimpli  of  iLmk  tfac 
\nm,  Ifi,  IE 

Bidar»i  phfiLei,  deOlied,  171;  am  m- 
tfluioa  of  volar  phjiieay  171 ;  ^HHfA 
177  :    nutfileti   witb    lidtnal  tV' 

Sidsrvami  Tuiiblo  ^auitboifer-liii^  37, 
coaTUcitj  of  spot-ambrv,  60,81  ;dUb- 
VAtitm  at  a  pramtDBnoc,  110  ;  rotattfla 
Df  fnoulo,  146;  <rupti^»  1ij|iiitfiaMi  it< 
■oJu-  CDiuuiDtu^.  166; 
of  MiT^  1B&.  223;  of  > 
167  p  of  j9  LjiK  939  : 
Kii'D  Auiise,  37ft  i    of   Ifotm   Ficp< 

aso,  861,  ass 

Bilicoti,  %  vrattiixittA  of  tha  «tu,  fl7. 9; 

of  ntLra,  ISI,  la?,  1»1,  IBS,  ig&,  1»8, 

232 
SlriuB.  sOtcnn-ftbtoiptiofl  in,  19^:  ipHttkl 

Lhoncter,  197.  200,  201  ^    m^  vi 

bri^btpeu,  Iftfl,  100;  colaiu  io  tati- 

qaity,  25&,  25«  ;  duiiky  Hi«t[lt«.  404 
Smyth.  Admiral,  coioan  ot  double  <Ih^ 

2ri9,    :ZtiO  :  grihl-du§t    i^lTUtflT,   414:  • 

reil  aattillLc  3tar.  404 
SmytU,    Pinui.    L^iMiimeatfl    oq    hIbc 

lif»t  -  ndlaciari,    0S  ;    qoloitn    «f  U 

fiarctdii,  l^i    rodavH  oJ  q  Ctota*. 

B70 
Sot4,  ConiA^  triia^lalion  of  DlnMsr  in 

SBgltUrlu,  424 
Sotar  pbT^d.  wida  iBOgv  of,  6 ;  dcAni' 

tJOD,    15;    ultrred    ttudpD^l,    14^ 

iDolbodA    and    cliitttaur    <^    progr— ^ 

17,  20,  IGO;  illuitrmtixi  by  iid«Hl 

i¥Har4?h.  ns 
SalBj-    xUn,   clumctflilrtie^  10%  30t: 

truAliiuQ  from  bydrofBii  MtMtt,  ^09: 

glut    apecLiaeudt   306,    2M  ; 

orbt,  90A,  207;  CnoidllOB  to 

BtiA,  307 
Spectn,    nebular,  dlffloult;   af  iumci- 

fi-tJDg,    173.    174;    contmuoii^    4JV. 

440:    SM»u^   47A'4B0.    43S,   4«l  . 

Telntin  atmigtb  oJ  cciutimeal  Uikat. 

478,  479,  4M-A0S ;  of  tariabtf  fcrnia 

tifl&i,  &2» 
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Spftotn,  itollmr,  IiwU  dit«r*itiu,l73, 187, 
10S  ;  cljUBJdcAtinn,  179-188  ;  bunied. 
179.1*3,184,207, 'J09-220;  with  bri^hl 
UM^]a5'ie&,  217-220,  222-23:^,  237- 
a«G,i07.  40a;i«iaMa.2£7,  247-^^2, 
noBUklona,  U^.  U47,  3fil ;  diHimj 
Ij eoLipleil,  203  288,  276;  relitirmp 
rtBootDUr,  2m^  270'.  spoliitianu^  ^c- 
CHHlrm,  in-!27S;  oT  Algol  vnruhlpd, 
Sia;  or  Cflpljdd  vulabLefl,  327;  ot 
Hin  TKiiflbln.  340  ;  uf  Noti^  3^7  \ 
af  c[uAtaiA>  113,  114  i  fne  ftoni  pebn- 

SpHtrDgnphy,  iruporl&iitfl  of,  J,  4,  ^ftn 
122,  SS4  ;  detet-Iioti  of  biliary  ■yKlPina 
hy.  289;  applied  la  temporur  bUtb. 
3743,  364.  265^  to  daBteri.  413;  Uf 
uebnlB,  439,  470,  £02 

SpHtrMflOpk  HwfJM.  duKOVoHu,  17fli 
3»e-29a;  of  dlnimiUT  liefat-qnaaitr, 
Saa,  '29^  -  cDects  ol  ruUtioii  on,  2S3  ^ 
nfttuw  of  trldrnce  ngnrdlng  Ihflir 
movpoicuu.  2&S  -.  diciLQU4Uatt»  23V 

Speclruju,  boIht,  tfioible  sectioUt  SI  ; 
iAfn-Kd,  24  ;  pljatognphLc,  35  ^ 
throii^ad  wllh  LbAdrptioit  ^  Unu  S6  ^ 
pwuU*rlUH,  37-«2,  iea;  taUniip, 
Lbs,  ^4;  oT  oiygfii,  2S:  Of  hfltlum. 
39,  £7.  AS.  113,  114.  174  ;  of  oubcm. 
II  i  ot  ifl'aninK  Ujot*  4*'4fl  ;  of 
''hrltoi^cb,  62-54;  «f  corotium,  60, 
130;  oi  fltuiapol^s  Se  L»i);  of  fuule, 
9Bi  100  ;  of  phrDEiiQipb&rf  uiil  proinl- 
TmtiAH,  1121!^],  1^3  ;  of  iha  oorQEii, 

lao-ia^  i«3 

SpntrnoL  luuLTyHii,    impOTt  of,  lo  utro- 

uomy,  A  ;  to  boIht  pLjHffa,  H 
Spsm,  lifhVchaa^B  of  8  AntUiv^  331 
9p1<B.  A  ip«tro4eDj»i4!  liiuBryt  ^^ 
Splnl  uebiils,  fiiinp]f4.  44D-448.  4fl7  ; 

pr4TaInnri%     44J  ;    viplo&Lv*    tbcory, 

44S:  »lnit]Ut«  UniilklLy.  4&3 
Qpjtaler,  flmviuga  of  wnbahtt  i5%  457, 

4^  £28;    EaEuarfmBDlfl    of   ncbuliD. 

433  ;    iu^iljiUly    af   canLnl    Atu-    ui 

Lyn  nobulB,  *87 
Spunr.  Hhirtlngi  of  mn-tint  fones,  191. 

102 
8Ur-[!luHtcii|  globuLkr,    stnctiiTKl   pibi, 

400,  42S;  e»mpla,  42g-43«  ;    aan 

pebabui,  433;  noiU  of  variibEH,  134, 

435,    436-43S  ;    f»qii«nt  thi   HUh; 

W>y.  4  IB 
SUi-ciuiun,    imrjlu-,    ccttfctriULUou, 

409;    eiuap^cB.    410-414  ^    aabntoui, 

423-127 
Stus,  duftifli^HlioD.  170;  vfdutioa,  271- 

279;  foUIioB.  580-28 S 
StflfBO.  Ikw  at  ndMUm.  04 
StfllAT  nftbals,  limited    ta   tb*   Mllhy 

Wiy.  fr44 


SUpbiJi,  Debutou  >Ur,  467^  diHoiwy 
of  ft  iLebnJA,  479 

SlnoK,  Ormoud,  upwl  of  Orinn  nebnU, 
&03  :  Mrylng  triglitMaR  of  contaiuml 
Blart,  C04 

titooey,  ApccLrml  urioa,  frS  ;  «4Ckpe  of 
gusB  from  pluietAFy  at]i]oaphai«fi|  Sfi; 
compoiitiao  of  pliotoif  hore^  33 

SlnfonofT,  rotitloit  at  iha  niD,  33;  af 
TkuJe.  I4fi,  147  ;  dountA  ot  Iha 
riewdH,  410  -.  nebultvatiBB  of  tlio 
P]ti4<itf,  418 

BttD^fl,  O.,  dividaq  of  -j  Abdrciafldfli, 
'i6S  ;  mMi  or  ^  Ciuulopuiwi.  208  ;  ob- 
tttTVktlQD  cl  bi-nnuLiLftT  DflbtLla,  400; 
difiAppe&ranceof  LdUrtn  Orton  aoboU. 
504  ;  diKovbry  of  fi  If mparAry  iirlmti, 
5U 

3tm*D,  V7,,  coEoiin  of  Joablc  wUn,  2C9, 
2fll;  duplicity  of  AlLa,  431;  Uipllcily 
of  lit  HaciDccvatii,  i*2ti 

Sun,  u'WTieviTPgudliig^  14,  t5;Hpp«D<i- 
igfs,  15;  chflinLftlry.  Ifi.  21,  26-34. 
103  ;  ipeclr&l  peculbAriUtAt  3A'i3. 
162,  163;  confixiD^tioa,  62»  ISI  ; 
gQuatu]  AtJnoBphfirio  ab«DTpt3oQ,  04,  0fi, 
60,  70p  71;  maitlioij,  64,  Ob.  63,  Itl, 
in»;  temp^rtltir^  a5-4!7,  AS;  photo- 
iq>hcrlc  Tftil.  71,  72;  a  bright-lllio 
■Ur,  121,  ]&4:  nods  of  rcUtion,  143- 
149,  161;  periodicity,  IW-lfiO.  IflS  ; 
Ik  Torlibl*  oUf,  ICt,  3QQ  ;  tbtorid  of 
cnuAitatiDq,  Id4-1G7;  ■  HliUrybody, 
172.  23'* ;  notlnTi  ia  »piu«,  19^  41G  ; 
»1««^  ofde^'elopTDeut,  274 

9iiu-ittML*,  periodicity,  3.  13.  160-1B2  ; 
donbla  Mflnrdifls  *-  ^6.  fl7  .  ■p«lj», 
72,  38  07,  163.  196  ;  mr^ctursJ  fe*t- 
ima,  73,  7^77;  Ftlftttooi  to  fmnaim, 
74,  101  ;  gToupingii.  77-72,  8&  ;  qnu- 
tiaanf1tiTH,79'S3,  36:  but-cmlailaDt. 
31,  62,  104  ;  moveiQiEti,  33-8^.  9fi, 
112,  144  ;  duoeaikiD*,  35;  cb^niislrj, 
91  :  BcATaltr  ID  Kfentnnlh  cuitury, 
150  ;  iDJigDDtic  ifllHtiooa,  Iti  -l£8  ; 
ntiiiTP  *nd  arifid,  lfl2^  161;  ftfrtrfUwe 
BlTuU  Iji,  137 

9vrift.  lituk  liaes  in  proinmeniTfA.  110; 
DdbaloNty  in  UuDOfFTM,  425;  biit' 
Uae  bebnls,  44S;  di^ublu  QcbalE,  45£, 
437;  ntbulu  graupa,  4£3  ;  neWoim 
lUrt,  46^,  4«3;  naw  f^Jidireft  in  TrifUt 
■Dd  Orriflg*  1lebltlJ^  fi2^;  AbmrfitlDD 
ijrAtnrUUc  iHbuLi.  337 

Sykarjk,  lauBatn  of  tba  luo'a  diamrtvT.  f  4 

TuBbiai,  daylight  Brtuit  at  thtfaao- 
■pbflTB.  109;  tthit*  proTD^nvbcv,  110^ 
129;  caromil  rfilitloDs  of  pramifmHMi, 
129;  ravnolir  iDnuBQcuofthA  i^braoio- 
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TeLlnnc  ibiMpti«j  2a-V5 

TempvL  diKovBrr  oF  Mivope  n^bnU, 
4N,  Ail;  drawing  of  a  ipinl  nebuU. 
448 ;  GhMBmnc'*  brltala,  £23  ^  obwr^ 
tMIok  of  BtruTe'i  tDibporarr  uflbnlv 

sn 

ttsmyerium.  of  nvftnii^  Uyer,  40  ;  t*- 
UtEotiH  nf  to  tiydni£4!n  tpMtiTLTti,  &i. 
301  ;  la  hW  ptialoKptivn;  03-«7.  Ufl  ; 
In  nu-tpoU,  92,  96,  101  ;  iu  jaIu 
■»mu.    tS6,  140  ;  in  *un,  ISO,  10&. 

T«mpor»rj  nnbnln',  fi^*.  fil^'fl,  ftiK,  W9 

THU]]wrvj    htBTA.    ipocLnl    chuvter. 

iTfii   SS7  :    rw«iiL   ■ppvitimi^   S7A' 

SM :  pbotofnjihic  diAcararinq.    3S2- 

t%7  ;    KvavAry    of    ta4:U    n-^u^iQ^, 

«{».  S4S 
TbeoilarDS,  DbvBrvKUoD  of  fj  Corime,  ATI 
Thcimo.  wIdut  cF  n  QviiHc  371 
Thonuiud)  ekcLriui]  nflLDitiH  ariij<Lnigefl< 

tiuH.  iia 

Tu»raii4t,    JiAbirbaDpM   of   AT^l,    3D&. 

liOn  :  of  O  C«pT^iit  310 
Tllin^Di,  nhwrptlan  >iy  In  the  mn.  32» 

49  ;  In  ipalA,   «l,  V2  :  iU   xUin,    1V2. 

193.  108,  ^i^e,  232  ;  l>rip;ht  liuiw  of  Iu 

fUah  whI  obroTiioi|i)»T-ia  jpoatm,  47, 

lis 

Toui^uii,  47p  F^oljultT  olugtcf,  431,  tilt 
TrtpeTJurn  flAn.  cuntp^irinn  nf  grrmji. 

230  :   sppL^mm,  £31»  232,  198.  G32 : 

ijicjJJupL'aaua];  v&riiLbItt  4f]6  j   iihoto- 

ETaphed.   4li5  ;    propcw   motioPf    t97t 

49S 
TFifld  nshulm  nnclsar  ifliillkpli!  pUf,  *0S, 

510:   (^OFLtarmiLLlnn,  GOB^  blO  ;  vpan- 

Lrum.  AID 
Trontobt-    v*llc<J    fpolft,    102;    ob«rvi' 

tioitB  of  pruinlaeuoflii,  IOfl«  IIQ 
TVoTirlKiiljfe.   •poottiMcopio   oxpitrimflpta, 

34 
'IVAwbridgF  uid  Hntfhlni,  urban  In  Ihe 

imn,  33 
Turitur.    pbaiofmiiln  oT  thfl  coTCfBa  ki 

poLizind  lighl,  133 
TKttlii,  tlifcoTcrr  of  ft  wiftblv  ftibuU, 

VnRBcliiirn,  %  i^)Tiirtllnflnt  of  Qm  Ann,  82| 
49  ;  of  promlnaDEHo*  110  :  of  Slrlni, 
198  ;  prPDiipBooB  of  tbaorptioii  iu 
Bpot-npodtn.  91,  Pfi;  omlo^oti  la  y 
CuffiopuiiE,  234.  24G 

Vu-iKblfl  ruhalB,  evkoiva  of  rfltf^altfofi, 
bi-A:  AuUtmtIc  ei4nLplr4.  a23-&2S: 
pToblem  of.  G29 

y^rlahlK  Btan,  nAnt  aiiJiUgjr,  ICI,  1T6| 
3€2.    406  ;    tbeir    btliua    eminlalu, 


175.  228.  22a  ;  open  ia  itMVti\  Ui, 
179;  In  dniUn,  177.  Rl9,  UA,3M, 
435-436;    wltb   foiutb-tTpa 

21D.  353-300  ,   vith   l.n^b^Uii. 
fipc«ln,fi22-lf'28.407;   vilburi 
BpHln,   249  ^8  ;    ndjieHi, 
352,   35«  :  or    iboft   pviorL   II 
404:   of  laug   perirvl.    347-303 
^ar.   303-374,    405 
(pcvlnira  4iid  iwrjod.  404-4QS 

Viuuble  ptolW  vpKtr4.  an 

phpqaDiaiioD.Si'T  f  eiuiiplB^£4' 
333.  389.  344 

Vagi^  fipHtrognphHd.  t93  ; 
■pectruin.  1&7.  193,  fiCl  ; 
200 

Vtiy.    photoiplKnc    r*tiAtloE^    S7,  flfl : 
□cbiiloiiii  formmUDn  n^aad  Ka*«  fVnct. 

Vd^l.  [f.  C^  tpBrtrogTApbic  iDV«ftEi|^U«i 
of  nuklol  QDElflii.  4  ;  k>1u-  ktmoiplwrle 
iftbHiri'tloii,  7Qy  71  i  beliitm  ftan,  171. 
lai  ;  BtdW  dundntiob.  ISO.  277, 
cvhua  sUm,  IB4,  977  ;  rlnUd  «pe«tn. 
ail,  277  ;  ■psetmin  of  HIa,  2iS;  of 
ft  Wr>Jf-RK]ret  BUT,  asft ;  of  ft  4Si*vu- 
nonim.  24S  ;  ct  y  CMmloprim.  24a ;  oT 
0  Cyicnt,  aea  ^  of  05  a«RBl^  2Ar; 
of  OlpaUl,  294  :  of  ^  Ljn,  3M.  IH^ 
ootonr  ofT  Dclpbini,  240  ;  ratatkA  <tf 
Alloir.  291;  period  at  Miur.  299; 
duplkitj  of  bipiu.  IIU'J  ;  «n) 
or  NoTB  Auiien*  373  ;  ndU 
of  »i>VB  Fend>  390 ;  BtnicUn 
ploEi^^lfiry  ficbiili.  471  i  ci^cmtiacw  of 
AitnuUr  Dbbnls,  437,  400,  I9S ;  la- 
vujbibty  of  4  ntbola,  52$ 

VoffflJ,  14.  W.,  flftb  hirii»oam.|*M,  62 

WiuEHVorLb,  uLLtll  ApertiLraB  for  nebolar 

photuK^pliy*  423,  49fl 
WtbKootoHnofdoablaitvs.  259.  9tfU 

dinootery  of*  plvwtarj  lubnb^  479 
WaJu,  cmmid  ttiBctnr*,  las 
WflUi.  Hin.  divmerj  nl  W   IM|iiife^ 

315:  ofS^CytriiL  3«S 
Wdnddl.    pbohicieLjl*:    lucuutvi   of  C 

W»]<yt  rtadj  of,  md  dimwlB^  liodi 
aOFontl  pbotognph^  125,  124,.  IM, 
136 

Wtri)«maiin,  iiruu  of  innuiLeacnp^  All. 
397 

Wilczymki,  raotle  of  v\»i  rotAtiob,  146 

WiLlUtiu,  SUkiUcy,  dJBoavufie*  of  «ltp*- 
iog  lUn,  31A  ;  of  V  Puppi^  S»4 

Wilting.  roUIion  aT  laeaim,  145  ;  al  tti 
unti.  14ft.  149;  alHtnu  of  Hvrtdu 
TibraUaua  in  iiinL|;1ii,  159;  lamlB' 
Huuco  of  tempctniry  fetan,  397  . 
Bysteta  of  61  Of  |^»  403 


Wilnd,  Al#uiid#r,  [uriptftive  «ff«etfl  ■& 

■un-BpoU.  79.  80 
WU»B.  H.  C,  *lnicLure  of  HjiIa  Debala. 

417  i  Bilerior  PlriadeH  uebuIttnLly,  4]fi 
WilfWQ.  W,    E,,  bmt,  or  BUD-apolA^    at; 

nvbub    reuDi]     Nova     Potwi,     3Vd  ; 

phntognphi  ttt  tmhiilwt  Hi.  4Ah.  4^1, 

5111 
WiliQD   fuirl  Gnj.  dtlrnrLliiitlaii   of   ihr 

a^ile  ratiiALloD,  AS 
WilHan  aik)  lloEnbuit,    ivrcAt  of  Ittwt  Id 
roW  iitd  tflrrvhlrijil  aUi]iv|ihi.-rw,  fll>, 

WlnkltiT.  det«1ioii  of  (feriQiuium.  A3 
WiiiDcckc,  iraroan]  ob«rviitiuEi^  123) 
I'JO  ;  mcMAiuvB  of  ^tmn  in  PrjcaepB, 
413;  varmbilily  of  ^fi  MonooeroliB, 
425;  dMcrJplloD  ^^f  WibVi  nebvUi 
479;  inJicntinniidf  nebular  vuixbility, 
C»2a.  529 
Wolf,  a,  mj>|J  nf  ibe  ri4rUac*»  43! 

losillfe,  SOS,  £>H  ;  of  tlie  pljicc  of 
Nov*  lurigie,  375;  of  tba  Novn 
PflneL  nabiiU,  :{g4  ;  of  the  FlelhlM 
ubnkMltiA  418;  of  plvieterip«,  4S2; 
^«otTlcAl  rAUojuUe  oi  Nuvji  pemrj 
^nabnlii,  3^& ;  |ilit>loflnphk:  nabaUr 
durrc]/.  4tD,  £l-[  ;  a  diint«r  nf  hrbiilK, 
4&&;  oebulor  Ji^tributitnt*  &4I,  545 


Wo1(  R,,  4iui-«po1  uid  nigBMic  pviinttM, 

;i.lM 
Woif-HJiyet  "Ura,  nwUls  unappArent  in, 
175 ;    ainFtiugreirlibi    177  ;    ic^kcllc 
dirtribiition.    Ifi7,  2Vi,    £4S  ;    t*tarp 
'/flpootriL,  IRS,  '237-340,  S84  ;  nffini 
tl«,  IWh  317,  -JIW,  24*.  '278.   U»  • 
ujHClnHui  with  m.  hfdrcRBn-«nvflUi|T, 
:£40.  241,  244  ;  nUblhCy  to  li^bl;  4DG 
Wolfur,  kUu  ruUlLOD.  93,  147 
Woods  rclipou  of  8  Ve1orDni»  814 
Wrigbt,  orbit  of  if  Aqqi^ir,  ;iS2  -,  tpae- 
trum  of  NatA  aagiLtorii,  38£  ^  of  NffV» 

Tevdell,  orbit  ploiici  of  Ali^l.  SOS  , 
li^hL-cJuapt  Df  i  BATiwaliA,  33& 

YcnLD^,  promLncDco  pbobognphy,  Ifi  , 
Hpect»Hopic  meunnmat  ot  tba  luu'a 
ratnHcn,  11>,  2^3;  abMrtfttioti  nS 
nTcnlD^  }AYvr,  IQ,  44  ;  ilsacrlpUnii  if 
Hull  pholopapli,  4D  i  tharuiil  tu1a> 
tlobi  of  iho  nno.  S7  i  Dtmcture  of  flqn- 
■pots,  77  :  their  ip^da,  £8,  01,  1)3, 
P4i  baUaTuvbnotptioij  iiL^I;  cd«iiini 
til  thfi  9IID,  114  ;  c.hmnirMpliJiri''  ipts^ 
CruiD.  110:  nirxlfl  of  »o]fcr  rotaLfan, 
149  ;  eniptkitii  In  Lbv  huo.  Iflfi 

Zeank4ui  eS«rt.  ducrib&l,  6;  poflfdUy 
prtcent  ib  epvctrttm  of  Uira,  ^4 


THE  END 


rrimoJ^j  R,  A  R-  Cuud  Uhitd.  SJu^ut^ 


.:  ' 


,  -       f    FHVBte*  ' 


